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PREFACE. 



The contents of this yolume are in the main a reprint of 
articles which have already had a world-wide circulation 
in the pages of the Englkh Mechanic. 

Some two years since I observed the frequent questions 
which appeared in that journal in reference to the present 
subject, and the idea occurred to me to throw some of the 
results of my own experience into the form of short articles 
for its columns. The editor kindly approved of my sug- 
gestion, leaving me free to take my own course as to 
the scope of the articles and the method of illustration. 

The favourable reception accorded to those papers led 
me to think that they might form the basis of a book 
which might fill a useful place amongst our technical 
literature. 

These articles, therefore, are now thoroughly revised 
and corrected, and expanded by the incorporation of new 
matter, additional sketches, and useful tables. A service- 
able syllabus of contents and appropriate chapter headings, 
together with a copious index, will render the subject 
matter readily accessible to the reader. 



IT FBBFACE. 

The book in its present form, it is hoped, will be found 
a vade mecum of that trade in which I have been engaged, 
as apprentice, journeyman, and foreman, for the last five- 
and-twenty years of my life. To my fellow-workmen, 
to those draughtsmen who have lacked a training in the 
shops, to pupils pursuing their practical studies in our 
factories, to employers and managers in engineering 
works, to all, in short, who seek more than a mere 
smattering of knowledge relative to this, the first and 
most important branch of engineeering construction^ J 
respectfully dedicate this volume. 
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OHAPTEE I. 

INTRODUCTORY. 

Pcittem-making a trade of recent growth. — ^Advantages of Division ol 
Labour. — ^Tools used in Pattern-making. — Contraction-rules. — ^Tim- 
ber. — Proposed treatment of the Subject. 

In that excessive specialisation of trades and industries — ^that 
necessary breaking up of many of the older and more typical 
handicrafts — which has been going on during the present cen- 
tury, pattern-making has become a distinct occupation. Fifty 
years since, the old race of millwrights were '' all-round *' 
men in the engineering firms. They could fit up a ro\\\ 
throughout, design its arrangements, both general and in 
detail, make the patterns of the cast-iron work, gear the 
mortise-wheels, chip and file the iron-toothed ones, weld a 
shaft, turn it in the lathe, forge levers, fit up the pedestals and 
bearings, line the shafting, and, in fact, do aU the work that 
is now divided among half-a-dozen separate and distinct 
trades. Necessarily this meant the sacrifice of some special 
skill, the absence of a certain mechanical facility which results 
from the division of labour. But, taken as a body, they were 
b^tter craftsmen, because more complete, than the mechanics 
who now do one thing, and one thing only. They were men 
of a strong representative character, skilful in the use of a few 
rough and ready tools, and equal to contingencies as they 
arose. The race, except in some isolated localities, has nearly 
died out. Now, the pattern-maker constructs the wooden 
models and gears the mortise-wheels ; the fitter chips, files, 
and fastens different parts together ; the planer, slotter, and 
shaper save the fitter's muscles, and the iron-turner prepares 
hlB shafts and bores his wheels. The fitter again and the 
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erecter occupy distinct positioiis, while each indiyidual work- 
man besides uanallj exceb only in some special branch of 
work. 

But this division of labour has its advantaees. Machinery 
has been cheapened, there is more beauty and finish about it, 
and it is capable of being turned out of hand much more 
rapidly than was possible under the old rigime. More and more 

J^et the tendency of the time is to diyision — specialisation of 
abour. Men doing one class of work alone acquire a skill, a 
facility in that particular branch, which can be acquired and 
preseryed in no other way. And in this we are only borne 
along by the tendencies of the age in which we live. Science 
and the wide fields of knowledge yield no exception to this 
rule. Men in any and every walk of life can only acquire 
great distinction by moving in one groove. The Doundless 
universe is fair and inviting ; but each must be content to 
plough his own little furrow, glad if he accomplish worthy 
work before the night comes on. 

Enough of preface — now to our art and trade of pattern- 
making, ^ools and timber, two essentJal s, may b e disposed 
of briefly. Bpei^ng generally, carpenters' tools are suitable 
for pattern work, but mortise-chisels are not wanted, neither 
are the plough and irons, nor the various bead and moulding- 
1 planes. And instead of a number of firmer chisels and gouges, 
^' long chisels and gouges, called paring-tools, are requisite. The 
average kit of a pattern-maker should consist of the following 
articles, though many workmen add largely to these : hand- 
saw, tenon, dovetail, bow, compass, and keyhole saws ; jack- 
plane, trying and smoothing planes ; about eieht round planes, 
ranging from Nob. 4 to 18; three rebate-planes of various 
widths ; thumb-plane, bull-nose and compass planes ; half-a- 
dozen paring chisels of various widths, ten or twelve paring- 
gouges of various widths and sweeps, half-a-dozen firmer- 
chisels from -iVth to 1^ inches ; two short marking-gauges and 
a panel-gauge, a brace and set of thirty-six bits, two pairs of 
trammels, large and small respectively, wing compasses and 
dividers, calipers (inside and outside) ; axe, turning-gouges 
and chisels, roimd nose and side tools (about three of each) ; 
a six-inch and a twelve-inch trying-square, to which may be 
added a twenty-inch or twenty-four-inch one of wood; a 
bevel, simdry set squares, hammer, pincers, pliers, two spoke- 
shaves, brad-punches, gimlets, bradawls, oilstone, gouge- 
slips, mallet, screw-drivers, large and small, scriber, a few 
files, scales, and a standard and contraction-rule. Special 
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mention must be made of this last tool, wliieli is used onlv 
by pattern-makers. As its name implies,- it is a rule which 
is made longer than the standard measure by the amount 
which, cast iron contracts in cooling from the molten state 
to the ordinary temperature of the atmosphere. Though a 
standard rule is required for the measurement of castings, 
it would be obviously inconvenient to use it in pattern- 
making, because the workman would be perpetually making 
approximate allowances for contraction in fractional parts 
of a foot. So the contraction-rule economises his time and 
insures something more accurate than approximations. A two 
feet contraction-rule is nearly a i inch longer than a common 
rule — strictly speaking, i inch in 2 feet 6 inches. This 
represents nearly the maximum amount of contraction for 
iron, and is fairly correct for general work. But an experienced 
pattern-maker knows that he must not trust too much to his 
rule, but that special allowances are required for special 
classes of work, and for different qualities of metal as well as 
for different kinds of metal. Thus, while iron contracts an 
eighth in 15 inches, brass and steel contract an eighth in 10 
inches, steel frequently rather more. A heavy casting will 
contract less than a light one, while a small casting will often 
come out as large, or even larger than the pattern. Hard 
white iron will contract much more than soft grey iron, and 
the presence of large dried cores in the mould will diminish 
the amount of coniraction. A plate with large superficies 
will almost invariably come out thicker than the pattern, 
owing to the fluid pressure exercised by the head of the 
runner, and also to the top-part box not being entirely 
rigid. Experience alone can guide in these matters ; and 
some element of imcertainty will always be present, for 
different mixtures of metal wiU show different contractions, 
as also will rapid or steady lowering of the temperature 
in the cooling of castings. But in general, for castings of 
moderate size, the contraction-rule is practically correct. 
Few men provide themselyes with a contraction-rule specially 
for gunmetal and brass. Bides are sometimes made having 
the divisions for iron contraction upon one edge and those 
for brass upon the other. But one is apt to make blunders 
in measurement where this is the case, and the safer way 
is to have a rule giving contraction for iron only, and to 
make the additional allowance for gunmetal when necessary 
— ^very approximately one and a half times that of iron, or 
1^ inch in 10 inches. 
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The timber used for ordinary patterns is yellow pine. It is 
light, soft, easy to work, comparatively free from liability to 
warp and twist, and it is cheap. Bed aeal and pitch-pine are 
unsuitable, since in the foundry sand they absorb moisture, and 
become ridged and rough, causing the mould to tear up when 
the pattern is withdrawn. They are, besides, not so pleasant 
to work up as the yellow pine. For small patterns mahogany 
is an excellent wood, hard, strong, and not liable to warp. 
Its price precludes its use except for small patterns, or 
patterns which have to be moulded repeatedly. Other woods 
are occasionally used, but these are the best, and are the ones 
in commonest demand. 

Obviously the scope of such a work as this wiU not allow 
that much space should be occupied in the discussion of those 
matters which are learned by Ihe apprentice during the first 
year or two of his time, and which in most cases coiud not be 
imparted except in the workshop. We are at least bound to 
assume that the readers of these pages are able to use their 
tools, and that they possess some lime acquaintance with the 
internal arrangements of an engineer's factory. 

Of glueing, varnishing, the allowances for fitting and ma- 
chining, the taper on patterns for delivery in the sand, the 
use of cores and drawbacks, special tools, patterns for loam 
moulding, and so forth, we shall speak as occasion arises, 
thinking it better for the sake of variety to intersperse our 
remarks concerning these and other kindred matters amongst 
the articles themselves. It would be clearly impossible in Sie 
compass of a volume to instance every class of work and every 
contingency that might arise. "What we purpose to do is, to 
take individual patterns of representative types, and while 
describing these in detail, to discuss, as occasion offers, the 
general principles to be borne in mind in the construction of 
each dass of work. By bearing these first principles in mind 
no real difficulty need be experienced in dealing with excep« 
tional caseS; modified forms, and so on* 



CHAPTER n. 

ON DESIGNING TOOTHED WHEELS. 

Shop Drawing-boards. — ^Importance of ahaping Wheel Teeth conrectly.— » 
Typical Forms.— Definitions.— Gydoidal Teeth.— Willis's Odonto- 
graph. — Involute Teeth. — Proportion Scales for Gycloidal Teeth. — 
Itollmg the Tooth Curres. — Choice of Circles. — Proportions of Arms, 
Itim, and Boss. — ^Building-up of Patterns. — Ring Segments.— 
Jointing. — ^Pegging. — ^Remarks on Turning Tools. — ^Mode of Use. 

We snppose we have to make a pair of cog-wheels which 
shall work correctly and smoothly into one another, and which 
shall neither look clumsy on the one hand nor break at the 
first occasion of stress on the other. Before attempting to 
make the pattern, then, we should draw the wheels out to full 
size. In me case of large wheels this is done on a drawing- 
board — ^not the board of the office draughstman, but the 
workman's board, made by laying several very dry pieces of 
stufE together edge to edge, and retaining them in pmce with 
battens screwed on the bfiu^k. The face is then planed nicely 
over with a smoothing-plane, and whitened with chalk. The 
edges are shot straight and at right-angles with each other, 
so that a T-square may be used from either edge. There are 
dozens of these boards of various sizes in every well-appointed 
pattern shop, it being frequently desirable to retain drawings 
for reference until after the castings are made. It is usually 
the foreman's duty to strike out the work on the boards. Of 
course, perspective drawings cannot be available for measure- 
ment; hence working drawings must be projections, consisting 
of plans, elevations, and vertical and horizontal sections. AU 
save the simplest jobs should be struck out thus. This prac* 
tice will frequently prevent mistakes, and enable the work- 
man, by a clearer understanding of Ihe details and relation- 
ships of mutual parts, to economise both time and timber. 

Given the drawing-board, there comes the important ques- 
tion how to design the wheels. Sometimes this is done in the 
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drawing-office, sometimes by the foreman of pattern-makers^ 
Tet every workman should be able to design his own wheels 
in a proper fashion. He will naturally also and properly 
regard the teeth as meriting the first attention. On the uiape 
of these depends the smooth working of the wheels and in 
general their durability also. Teem of almost any shape 
will manifestly work together if sufficient clearance or space 
between their contiguous flanks be allowed. Teeth may work 
together by a succession of jerks, or they may glide smootUy 
oyer each other's flanks in constant contact. Teeth of large 
pitch may be relatively weak, while teeth of small pitch may 
be relatively strong ; each according to design. Also a forpoi 
of tooth suited for one class of work will not always be so 
suitable for another class. Hence the propriety of devoting 
to the forms and proportions of teeth a considerable amount of 
attention and care. 

There are two typical forms in use for the teeth of wheels, 
viz. epicydoidal and involute. There is also that dose 
approximation to the true epicydoidal form known as the 
odontograph. The involute is only suitable for use where 
the wheel-shafts have varying centres, as in rolling mills. 
In general engineering, the epicydoidal is the best and most 
durable form of tooth, far preferable to any mere rule-of- 
thumb design. It is strong, ele^nt, works easily, and lasts 
good for a long time— that is if it be struck out carefully 
and with proper judgment. Now, it is the simplest thing in 
the world to strike out an approximate epicydoidal tooth that 
shall work with those of any other wheel, or any number of 
wheels, if one dearly imderstands the process. Before enter- 
ing, therefore, into the description of tne construction of their 
patterns, it will be well to explain the methods of the design- 
ing of cydoidal and involute teeth. 




As a matter of course, in a technical work no apology will be 
necessary for explaining the meaning of terms and things which 
are perfectly well understood by experienced workmen. There 
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are, therefore, a few terms which I must explain before going 
further. ** Pitch-line" (Fig. 1, a) of a wheel is its circum- 
ferential line of teeth centres, which is in contact with, but 
does not intersect, the pitch-line of the wheel into whidi its 
teeth work. Theoretically, the teeth are only an aoddent of 
the wheel, a form of construction necessitated by circum- 
stances; the ideal wheels are supposed to work by the 
friction of their smooth peripheries, those peripheries being 
considered as coincident with the pitch-lines. ''Pitch" 
(Fig. 1, b) of a wheel is the distance from the centre of one 
tooth to the centre of its fellow measured on the pitch-line, 
which distance must be constant all round; ''flanks" (Fig. 
1, o) are the sides of the teeth lying below the pitch-line ; 
"faces" (Fig. 1, d) extend from the pitch-line outwards; 
" root " (Fi^. 1, e) is that portion of the tooth which meets the 
periphery of the rim; " point" (Fig. 1, f) is the opposite or 
extreme end of the tooth ; " cycloid " is a curve drawn by a 
point in the circumference of a circle rolling on a straight line; 
"epi-cydoid" is the curve formed without, hypo-cydoid that 
formed within, the fundamental line or drde. Epi-cydoid is, 
however, the general term applied to the teeth formed by a 
generating circle rolling without and within the pitch-lines of 
wheels and racks. The one essential condition in order that 
any two or more wheels of a set shall gear smoothly together, 
is that a single describing circle be used both for points and 
roots of each of the wheels in the set. Where two wheels 
only are designed to work together, we may select a describ- 
ing drde with a view to strong^ alone, a small drde 
spreading the flanks and making a broad root. But where a 
whole train of gearing is wanted, or where "stock" wheels 
are of necessity required interchangeable, the drde must be 
chosen with reference to the smallest wheel in the set, and 
must never exceed the radius of its pitch cirde. Where this 
radius is taken as the basis (usuaUy that of an eleven or 
twelve-toothed pinion) the tooth flanks become radial from 
the centre and the roots are weakened thereby. Still, as the 
roots can in most instances be strengthened by shrouding, the 
inconvenience is not so serious as it appears at flrst si^ht. 

In striking spedal pairs of wheels, of course it is not 
necessary to use the same describing cirde throughout. It is 
in those cases only essential to bear in mind that the same 
circle which strikes the roots of the wheel must strike the 
points of the pinion, and conversely. 

The working out of the curves necessary for every separate 
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wheel inyolyeB some little trouble and care ; and in order to 
lessen this, and to ensure more perfect nnif ormity of results, 
the late Professor Willis, of Cambridge, invented the odonto- 
graph scale. This instrument famishes the workman with 
approximate radii and centres for striking the faces and 
flanks of teeth. The annexed diagram, Fig. 2, represents the 
scale drawn to half full size, with some colnmns of small 
pitches omitted, and the method of its use is as follows : — 

Say, for instance, we have a wheel of 24 teeth, l^inch 
pitch. We strike out the pitch-line, and the lines represent- 
ing the points and roots of the teeth, Fig. 3. Then laying 
down a distance equal to the pitch, yiz. 1^ inch, upon the 
pitch-line, we bisect this ; which bisecting line will represent 
the side of a tooth. Draw 

lines from the |K>ints which ^^^^ f 

represent the pitch centres / **'*** — 'jicc—^ 

to the centre of the wheel ; / .^-'^''"a ^l2l 

call these lines a and b, and 

the line of bisection o. Now / , ^ y.^/— f»^-Ci 

lay the slant edge of the scale 
against the line a, allowing 
the graduated edge at t (see 
Fig. 2) to cut the pitch-line 
there. Looking down the 
''scale of centres for the 
flanks of the teeth," we And 
opposite l^inch pitch and 24 
teeth the number 30. So we 
place one leg of the compass 
against 30 on the graduated 
edge, for the flaiuks of the Ftg.s. 

teeth, and set the other to the 

point of bisection, c, on the pitch-line, and strike our flank, /, 
with the radius so obtained. We then remove the slant edge 
of the scale to the line b, allowing the graduated edge at t. 
Fig. 2, to cut the pitch-line once more. Looking down the 
l^-inch column of "centres for the faces of the teeth," and 
along the row marked 20 (that being the nearest to 24), we 
find the figure 9. The division 9, therefore, along the scale of 
centres for the faces of the teeth is the point whereon we set 
our compasses for striking that portion of the tooth above 
pitch-line, y, and the radius is taken as before to the point of 
bisection in o. 

This scale is very useful, and a comparatively unskilful 
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workman may be intrusted with its employment. When 
radii are required for wheels not in the hst, it will be suffi- 
cient to take those intermediate between numbers given. The 
instrument is sold both in card and brass at the price of a 
few shillings. 

We said that the involute form of tooth was only suitable for 
shafts with varying centres. Hence the pattern-maker is seldom 
required to construct this type of wheel. In these the path of 
contact of the teeth is always in the line of tangent to the base 
circle, and the outline of the tooth is, as its name implies, that 
developed by the imwinding of a cord from a base circle. 

Assuming the pitch-circles of a pair of wheels to be given 
approximately (though we may say there is no pitch-circle in 




rig. 4. 

the sense in which the term is used in oydoidal wheels) the 
way to proceed in setting out is as follows: — ^Assume a 
working depth of tooth below pitch-line, Fig. 4, a, and strike 
a circle, h, concentric with the pitch-line on the larger wheel ; 
draw a tangent, e, to that circle, cutting the pitch-line at d, 
and prolong it to about an equal distance beyond. From the 
centre of the smaller wheel strike a circle, e, cutting this 
tangent on the prolonged line, and this circle will give the 
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working depth of the cogs of the smaller wheel. Bottom 
dearance, / /, must be given below these base-lines. 

The tooth flanks may be marked by a needle point stuck 
in the edge of a strip of wood, the latter bein^ rolled around 
the base circle, just as a piece of string mi^t be unwound 
from a cylinder. The curve being thus found, an approxi- 
mate radius might be taken, and eSl the flanks struck &om a 
line of centres. The centre for such a radius will be foimd at 
about one-fourth of the distance from y to <? on the tangent 
line, or at h in the larger wheel. 

If we And on trial that the points of the teeth of the wheel 
fall short of the base -line on the pinion, we must bring the 
base-line of the wheel nearer to the pitch circle, thus giving 
a higher angle to the tangent line, and in consequence pro- 
ducing a shorter tooth, ^e leng^ of tooth is thus confined 
within certain narrow limits, and we may have to make two 
or three trials before we strike a fair average shape. 

Betuming to our cycloidal teeth, in which the interest of 
the pattern-maker chiefly centres, we require a fixed and 
imiform scale for their length. To some extent this is arbi- 
trary—or perhaps we should say, experience has indicated the 
proportions which now obtain among engineers. The longer 
the tooth the weaker it becomes ; but a short tooth, on the 
other hand, has less wearing surface. 

The dimensions of wheel-teeth are invariably given in pro- 
portions of the pitch. These proportions embo^ the results 
of practical experience. Thou^ different tables vary slightly, 
it is preferable, when a scale has been once adopted, to adhere 
imif ormly to it. A scale can be constructed wiu a little care, 
and if preserved will save the trouble of marking out fresh 
proportions whenever a wheel requires to be made. Take a 
piece of paper and glue it on a boeurd about 16 inches by 
4 inches. When dry, line it out as in the diagram (Fig. 5\ 
Divide one end into 15 equal parts; let lines from these divi- 
sions converge to a point 12 or 15 inches away. Now draw 
lines across of certain fixed lengths — i inch, i inch, 1 inch, 
and so on — and also lines for the odd eighths, | inch, i inch, 
&c., intermediate in position. These lines will represent the 
various pitches that may be required. Let them advance thus 
from i inch up to 3 or 4 inches. Now, on this scale the whole 
depth of tooth is represented by 12 divisions, the depth from 
pitch-line to root by 6^ divisions, and as a consequence the 
depth from pitch-line to point by 5^ parts. It is obvious that 
if the teeth were equidistant above and below the pitch-line^ 
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the points of one wheel would grind in the roots of the other. 
Heuoe the reason of bottom clearance. The thickness of the 



teeth is taken as equal to 7 parte. That leavee one part for 
flank clearance between contiguous teeth. These diTisiona 
may be indicated by deeper lines on the scale. This is a con- 
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venieiit and handy form of scale, and tlie proportions are good. 
Some authorities give rather more, some rather less, others 
give ratios yarying slightly in the case of large and small 
wheels. A comparison of me proportions given in the works 
of Box, Unwin, Molesworth, and D. K. dark will sho<v- 
some slight variations. It is of no consequence, however, 
which be adopted, so that the same proportions are idways 
adhered to. 

For the sake of clearer illustration, let us assume that we 
have to make a wheel of 75 teeth and 1 j[^ inch pitch, to gear into 
a pinion of 23 teeth. Our wheel will then be 2 feet 5f inches, or 
for convenience say 2 feet 6 inches diameter upon tiie '^ pitch- 
line," and its pinion 9^ inches. Divide out the pitch circles 
struck in contact on the drawing-board into corresponding 
numbers of points — ^namely, 75 and 23 — ^by means of the 
''spring dividers," the screw on the dividers permitting of 
more delicate adjustment than the ordinary quadrant com- 
passes. 

Now apply the proportions of the tooth scale to the wheel 
and pinion alike. Take 7 parts where the 1^-inch line cuts 
the scale ; that will be the thickness of our teeth. Take 5^ 
divisions on the same line ; that will give the length of the 
points of teeth. Take &i parts, also upon the same line, and 
that will give the depth &om the pitch-line to the root. 

Having thus obtamed length and thickness, we will pro* 
ceed to strike out the teeth, and having 
already explained how to use the odonto- 
graph, we will now instead find* our own 
cycloidal curves. Get two bits of wood 
an eighth thick, cut the edges of one to an 
inside and outside curve respectively, of 
the same radius as the pitch diameter of 
one wheel (Fig. 6) ; cut the other piece 
in like fashion to the pitch diameter of 
the other wheel, and lay one edge of each 
sweeped piece on its respective pitch-line. 
Now make a number of discs ranging from 
1 inch up to 6 inches, advancing by a ^ inch 
in diameter. Drive a needle into the 

edge of each at an angle of about 45" ^____ 

(Fig. 6), allowing the point to project be- -p^ q 

yond the edge sufficiently to make a scratch. 
These are the rolling or generating circles, for the formation 
of the epi- and hypo-cydoidal curves. Take one of the discs. 
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bearing in mind Uie remarks made in the last chapter relative 
to the Sioice of the ^penerating circle, place the point of the 
needle againet the inner ed^ of the sweep, and roll the 
disc along, exerting a gentle pressure downwards at the same 
lime. The needle point will describe the flank of the tooth 
below pitch-line (Fig. 7, a). Obyiouely the diameter of the disc 
will regulate the breadth of the tooth below Hie pitch-line : a 
email £sc will spread the flanks, making the root very broad ; 
a large disc will make them incouTeniently narrow and weak. 
For tms wheel a 2f or 2^inch disc will give an elegant and 
strong root, and a disc of t£i« size will be suitable for a constant 
descnbing circle for wheels of this pitch, taKng a pinion of 
twelra teeth as the smaliest of a set HaTing now got the 



curve for the flanks of the tcetli lying below the pitch-line in 
the large wheel, use the disc whidi generated them to strike 
the faces of the pinion, teeth lying without the pitch-line. For 
that purpose lay the outer pinion sweep on its pitch-line, and 
roll the disc as before. The edges of the templets will now be 
reversed, and the faces of thewheels (Fig. 7,^) and the flanks 
of the pinion wiU be generated by the same circle. It may 
be noted that these curves, thus generated, are not perfect 
arcs of circles, but so infinitesimal is the deviation, that they 
are in practice struck with a compass. Six having found, 
by trial, a centre iui the best approximate radius, the flanks 
of all the teeth are struck uniformly with that radius. To 
insure accuracy in these centres, a line is struck from the centre 
of the wheel, passing through the centres of all the radii. 

Wheels marked out thus are in constant contact, the flanks 
of the teeth roll smoothly one over the otber, and a very small 
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amount of clearance is necessaiy. Working easily, and being 
free from shock, they will last much longer than wheels made 
by rule-of -thumb practice, and will also produce less noise. 
We' have considered our wheels as a portion of a set, and 
have therefore used the 2t-inch circle for faces and flanks 
alike. But in making special pairs of wheels we can use two 
circles with advantage. Thus, if we wanted a very strong 
pinion, we might take a describing circle much smaller than 
the pinion radius, and so spread ite roots. In making bevel 
wheels, which can gear only in pairs, we can adopt this expe- 
dient very weU. Also in making a new wheel to gear with 
an old and perhaps badly shaped one, we shall discover first 
by trial what circles will strike the flanks and faces of the old 
one, and make our new one to correspond. 

With respect to thickness of arms, rim, boss, &c., rules are 
somewhat arbitrary. Something will also depend on the special 
work the wheel has to do. But commonly these are also given 
in terms of the pitch, modified by diameter, breadth, diameter 
of shaft, &c. The number of arms in a wheel between 10 or 
12 inches and 2 feet in diameter may be four ; under 10 or 
12 inches the wheel will be a plated or disc wheel. But this 
also will depend on pitch, for a 2-feet wheel of fine pitch 
should have half-a-dozen arms, while a wheel may be plated 
up to 2 feet in diameter if it be of a 3 or 4-inch pitch, and is 
carried by a large shaft. From 2 feet to 6 or 7 feet in diame- 
ter a wheel should have six arms ; but if of larger diameter 
than that it should have eight or ten. The width of the arms 
measured nearest the rim may be roughly taken at twice the 
pitch; but the following formula from Box on ** Mill-Gearing" 

is preferable : 

7-34 XPXWX VN _ga 

Where 

7 '34 is a constant multiplier, 

P = pitch, 

W = width of wheel, 

N = number of pinions which wheel has to drive, 

A = nimiber of arms. 

The arms taper from the boss towards the rim about f inch 
in width for every foot of length. The thickness of the arms, 
as also of the rim, should be the same as that of the teeth. 
The ribs, or cross-arms, should be haK this thickness, and be 
slightly tepered towards their outer ends. The boss in small 
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wheels should be twice the diimeter of the bore ; bat beyond 
a bore of 3 or 3i Inchee this would m&ke the metal excessive. 
Then this formula may be used ; 

S = r + id. 
Where 8 = thickness of metal in boss, 

i" = a constant, 
d = the bore of the wheeL 
The length of boss should be gteatei than the breadth of 
the wheel to enaore steadlnees on the shaft, and may be 
obtained thus:- l ^ b + 006 E. 

Where L = len^i^ of boss, 

B = breadth of wheel, 

£ = radius of wheel. 
The breadth of tooth is purely arbitrary, but it frequently 
bears some relation to the pitch, from three to three and a hajf 
times that measurement being the commonest proportion. We 
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will plate the smaller wbeel of the two with a diso having a 
thickness of one-fourth the breadth of tooth. Our wheels will 
therefore have the aocompanying dimeiiBions (Fig, 8), to which 
dimensions we now proceed to make the patterns. 
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Anyoue who lias Lad the least experience in woodwork- 
ing knows how stu£E which is even moderately dry will 
shrink and warp out of truth after having been opened out 
to the air. In a newly-cut surface, either desiccation or 
absorption of moisture will occ\ir, depending upon the con- 
dition of the timber and the state of the atmosphere. And 
when wood warps, curvature in the direction of its breadth 
always takes place. Further, wood is only strong to resist 
transverse and tensile strain in the transverse section of its 
fibres ; hence '^ short grain " must be avoided, as well as wide 
unstayed superficies in patterns. For these reasons many 
patterns are, in workshop parlance, ''built up," and so the 
rim of our wheel will be built up in courses, or layers of 
segments. In this case the rim being 3^ inches wide, there 
may be four courses of i| inch thick, or five courses of full 
f inch each. Let it be noted that the greater the number of 
courses, the less liable is the pattern to warp or to become 
disjointed by rough usage. A ring built up with a large 
number of tiiese segments is like the old man's bundle of 
sticks in the fable. 

Where the wheel is marked out in ''section, "take the inner 
and outer diameters oE the drawing with a pair of beam 
compasses, more commonly called " trammels,'^ and describe 
a template segment on a thin piece of board, allowing i inch 
both inside and outside for turning o£P, and i inch at each 
end for jointing. In wheels of less than four or five feet in 
diameter let six such segments go to the circle ; if larger than 
that, have eight or ten. Now mark out the necessary number 
of segments from the one thus obtained, and saw these roughly 
to shape with a bow, compass, or band saw. The next matter is 
to face up a wooden chuck true, and glue the first set of seg- 
ments upon it. This first set must not be glued directly on the 
chuck, but to strips of paper glued, one side to the chuck, 
the other side to iiie segments. This prevents the wood from 
spKtting away when the finished pattern is lifted from the 
plate, for the paper, though strong enough to retain the ring 
in place while being turned, splits through the middle when 
the pattern is lifted with a chisel. 

Allow this first course of segments to become properly dry 
and set ; then, with a turning-gouge, just skim oft the rough 
surface of the wood. Then take a firmer-chisel, and scrape 
the surface smooth and level, This is most essential, as the 
beginner wiU learn when trying to joint the next course. A 
wooden straightedge must be chalked and passed over the sur« 
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face from time to time, the projectmg parts of the work being 
reduced as indicated bj tn ecbalk. When a straight un- 
broken line of chalk becomes transferred from the straightedge 
to the face of the ring, the surface is true, and ready for the 
next layer. Chalk oyer this faced portion, and fit to it the 
next course of sweeps, using a trying-plane, finely set. Flame 

the ends of the segments from the edge 
of a shooting board, or saw them with 
a fine tenon-saw. Glue them down, 
taking care, as in all glued joints, to 
work out all superfluous glue by rub- 
bing and pressure combined ; and have 
the glue newly made and rather thin. 
The end joints must overlap— that is, 
they must come one over the other alter- 
nately, like bricks in a wall (Fig. 9). 
The further security of the joints may 
be insured by fastening them either 
^ ■■ , , -y^ with nails or pegs, the latter mode being 

M' I i 1 ■■ Ji preferable. Nails haye an impleasant 
Fig. 9, way of bending aside, and appearing 

just where they are not wanted. Fegs 
will hold as well as nails and cannot damage a sharp tool. 
The pegs should be ^lit, not sawn, out of pine, and tapered 
and <bdyen tightly into the segments through bradawl-noles 
bored for their reception, and they may be touched with glue 
to increase their adhesion. 

Haying completed the building-up process, now turn the 
ring, roughing with a tuming-^uge, and finishing with a 
firmer-chisel, diamond-point, and round-nose. 

A word about these turning-tools. The multitude of tools 
used by amateurs and ornamental turners haye no place in the 
pattern-maker's kit. Gbuges, side-chisels, firmer-chisels, 
roimd-nosed tools, and diamond-points, each in two or three 
different sizes — ^these are all which are eyer required. Beyond 
a plain moulding, anything artistic in the pattern-shop is 
seldom wanted. 

The gouge used by turners is a stout tool, ranging from 
^ inch to 1^ inch in width. The i-inch and the |-inch are the 
most useful in general pattern- turning. In common with all 
turner's tools, its handle should be long, say, a couple or 
three inches longer than the tool itself. Much depends on the 
way in which it is ground. A gouge ground like Fig. 10 will 
do yery well for quickly roughing down a long parallel sur- 
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face ; but for a moulding, or even for our wheel, it would be 
utterly unsuitable, because of the readiness with which its 
comers would catch in the work. What more trying to temper 
and patience than to see a piece of work, when all but 
finished, disfigured by a ** kick " of the gouge at the last cut, 
or knocked out of truth by the force of the sudden arrest ? 
But by grinding the gouffe as shown in the second figure (Pig- 
11), and holding it shghUy sideways, round and hollow por- 
tions of work, and small comers, may be turned safely and 
quickly in half the time that would be occupied by an 
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unskilful workman in scraping to shape with round-nose and 
chisel. Note also the double-bevelled obliquely-ground 
chisel (Fig. 12). The obliquity need not be very cpreat. 
It is used as a shaping and parting^ tool ; but it shoiud be 
groimd thin, and be held very firmly in the hand when in use 
as a shaping instrument. Gripping the handle in the right 
hand, place the forefinger of the left hand underneath 
the rest of the lathe, and clasping the tool between the 
last three fingers and the thumb of the same, turn, with 
the edge inclined at an angle with the axis of the work, 
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cutting nearer to the obtuse than to the acute-angled 'end of 
the cmsel. For work of less than 3 inches diameter, a side 
chisel is a dean and easily used tool ; but work of lareer 
dimensions had better be scraped with the finner-chisel, whidi 
must be ground to a more obtuse angle than is required for 
common paring purposes. 

For working hollow radii, the round-nose in Fig. 1 3 is useful 
either to dean and finish what the gouge has roughed out, or 
to work a hollow where it would be inconyenient or unsafe to 
attempt a gouge cut. This should also be ground somewhat 
obtusely. A stiff {-inch coachmaker's or a mortise-chisel 
makes a capital round-nose, the superiority of each oyer a 
firmer-chisel consisting in their greater rigidity. For finishing 
holes, or for deaning up the inner parts of small cylindricu 
work, where a square-ground dnsd would not enter, the 
diamond-point or side-tool is used (Fig. 14\ This is ground 
to any angle, but a very acute one is preierable, because it 
will then embrace a very wide range of holes. 

All these tools should be kept diarp. It is a mistake to 
suppose that turning-tools do not not need so much care in this 
particular as bench tools. Certainly a dull instrument, which 
would be useless on the bench, can be made to scrape in the 
lathe. But no amount of scraping and glasspapering will 
compensate for the evil of badly sharpened tools. The time 
spent in keeping them in good order is more than saved by 
the workman. 

Lastly, hold all turning-tools yeiy firmly in the hands. A 
feeble or unsteady grasp wUl produce mischievous results, as 
the tyro early learns by woful experience. Wood-turning is a 
beautiful art, and although there is no scope in the pattern- 
maker's occupation for its higher developments, it should 
be eveiy workman's aim to render himself an adept at the 
lathe, and to turn out his work with a finish that would yield 
credit to a professional turner. 



OHAPTEEin. 

SPUE GEARING. 

Tftper in a Wheel Rim. — ^The use of Yarmsh. — ^Methods of makixig Teeth. 
— ^Working Teeth in place. — Dovetailed Teeth. — Block Templets. — 
Their comparative Merits. — Glasspapering.— Locking together of 
Wheel Arms.— Bobs and Bibs. — ^The use of Hollows in Gastmgs. 

We will allow the slifflitest possible amount of taper on the 
outside of our ring, where the teeth are to be fastened — ^not 
more than -A- inch in the diameter. If we give an ezcessiye 
amount of taper here, the teeth of the wheel will be working 
on their comers, and the stresses will be concentrated there 
instead of being distributed equally along the entire flanks. 
But on the inside of the ring we can give as much taper 
as we choose, without weakemng the efficiency of the wheel. 
So there we will give ^ inch in the diameter. The cor- 
rect way to check &e outside is, after haying ''faced" the 
ring, to hold a straightedfi^ to that face, and take that as 
a base from which to test me accuracy of the rim by means of 
a set square sHd against it. If me square be true, the 
amount, oy which the periphery of the wheel ring deviates 
from contact with it wul indicate the amount of taper in the 
ring. The taper of the internal diameter can afterwards be 
measured by calipers. 

The better class of patterns are yamished with shellac 
yamish, made by dissolymg shellac in methylated spirit or in 
naphtha. Two or three successive layers are applied with a 
brush, each layer on drying being glasspapered down before 
the application of the next. This varnish answers two^ very 
useful purposes. To a great extent it prevents the moisture 
in the foundry sand from penetrating into and swelling the 
pattern out of proper shape ; and also, by coating its surface 
with a smooth and glossy skin of shellac, facilitates its with- 
di*awal from the mould, which process, in a roughly finished 
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pattern, often breaks away or tears up the sand inpatclies, 
thereby entailing extra work upon the moulder. Therefore 
our ring will be varnished all oyer except on the periphery, 
where the teeth are to be fastened. 

There are three principal methods of msMng the teeth. 
One is as follows : — ^Blocks of wood are sawn out, rather 
larger each way than the teetiii, and glued round the peri- 
phery of the ring, the centres of the blocks coinciding with 
the intended centres of the teeth. When thoroughly set these 
are turned off flush with the faces of the ring, and to the same 
diameter as the points of the teeth. Sometimes wedge- 
shaped slips are fitted between the 
too^ blocks before they are turned, 
but a careful workman can dispense 
with these safeguards. The teeth 
are then pitched, and struck out in 
position on one face of the wheel 
(Fig. 15). A few pitch centres are 
then prolonged to the edge, and squared oyer to the other 
face, which is also pitched out in like manner. The teeth are 
w^irked through with gouge and chisel. 

Another method is to cut a number of doyetail-shaped 
grooves round the ring, coincident with the intended centres 
of teeth, to fit doyetalled slips into these, then to glue and 
brad these slips on the rough blocks intended for me teeth 
(the slips, of course, being temporarily removed for that 
purpose). These blocks, then, held in position by the dove- 
tails, are turned and marked out in position in the usual way, 
but being attached to the movable dovetails are afterwards 
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readily knocked out, and worked to shape with planes, instead 
of with gouge and chisel. They are returned when finished 
to their places, and glued in finally (Fig. 16). 

The third method is to make a block of hard wood, with 
one edge worked to the shape of the tooth, and notched out 
in the middle to just its required length and width. Into 
this templet the blocks intended for the teeth are driven and 
there placed to shape, the plane being guided accurately by the 
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contour of the hard wood (Fig. 17^. These teeth are then 
set to the centres pitched out on ttie ring, either by one of 
their edges or by a centre line marked on each of their ends, 
and while the glue is still wet they are adjusted more 
minutely by means of calipers and square. 

Another method useful where only a few teeth are required, 
as for a pinion of from ten to twenty cogs, is the following 
(Fig. 18) : — Get a piece of wood long enough to embrace the 
radius of the pinion, strike a single tooth upon it near one 
end, with the necessary centres, then cut out a notch suffi- 
ciently wide to embrace the root of the 
tooth. Plane the stuff intended for the 
teeth quite parallel to the width of 
this notch, square one edge, and cut to 
length. Drop each end of each tooth 
block in succession into the notch in 
the board, and mark out. The rigidity 
of the centres will ensure their being 
'all marked alike, and they can be 
worked to shape with planes. 

Of these four methods, the first is 
very accurate, owing to the teeth being 
pitched out in place ; but there is the 
serious disadvantage involved in the 
use of gouge and chisel instead of the 
plane. Yery much time is occupied, and 
in the hands of a clumsy workman the teeth will become hol- 
lowed and rounded, and will show angularites which will 
interfere more or less with their easy moulding and their even 
working. The second system is undoubtedly the best, as it 
combines complete precision in marking out with perfect accu- 
racy in snaping, and the time occupied in dovetailing is saved, 
or very nearly saved, in the operation of working to shape 
with iJie plane instesid of with tiie gouge and chis^. Still, it 
is an expensive method, and except in the case of wheels 
requiring great perfection, or in standard patterns which ore 
to be constantly in use, is an unnecessary expense. The 
third and fourth plans are the cheapest, and are sufficiently 
good for ordinary work. The teeth having been worked in 
the block, are, as before mentioned, glued on the centre lines 
marked across the rim of the wheel, and checked with square 
and calipers before the glue is set. The square is tried along 
the flanks of the teeth, to see that they are at right-angles 
.with the faces of the wheel, and the caHpers are tned across 
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from one tootih to its next f eDow on liie ptch-line, to insure 
uniformity in their pitch throughout. When the teeth are 
set firmly, dear away the superfluous glue with a chisel ; 
secure mem permanently by driving a couple of brads 
through each into the rim ; punch in me heads of the brads, 
and ml up their heads with a mixture of chalk and shellac- 
yamish, or of putty. Then proceed to glasspaper. This 
requires to be carefully done. Make a rubber shaped on one 
side like that portion of the flank of the tooth below pitch- 
line, but the reverse way, and let the other side be flat. 
Laying the glasspaper on this, rub the flanks across the 
g^ain, and take care that the rubber beds firmly against the 
teeth whilst in use, else the glasspaper will injure their 
shape by making ikem rounding. The teeth should be 
tapered slightly for delivery, but so slightly that bearing 
a trifle harder on the down side than on the top with the 
glasspaper will make sufficient taper in a shallow wheel. In a 
deep wheel the teeth should be marked out a little larger on 
the top than on the bottom side, only, however, by the thickness 
of two or three shavings. When glasspapered, apply varnish, 
rubbing down each coating before applying its successor. 

Now take the arms. Plane up mree strips of wood, each 
as long as the diameter of the wheel, as tluck as the arms 
are intended to be, and wide enough to include the radii by 
which they curve into the rim. Next set a bevel to 60®, 
and with this bevel laid against the edge of one of the strips, 
describe two lines the width of a strip apart, and equidistant 
from the centre of the piece. Divide the thickness into three 
parts, and gauge and cut out two such parts from the central 
space included between the bevelled lines just marked. This 
recess may be roughed out with a paring-gouge and chisel, 
and finished with a rebate-plane (Fig. 19, a). Now take the 
second of the three strips, mark two bevelled lines as before, 
but gauge and cut out one-third only of the thickness of the 
strips (Fig. 19, b). Drop the two pieces together, and they 
will be flush top and bottom. Take the third piece, and mark 
four instead of two bevelled lines upon it, crossing one 
another, which lines will of course meet in the longitudinal 
centre of the strip. Gauge and cut out two-thirds Qiickness 
between these lines (Fig. 19, o), it will then drop over the 
edges of the other two pieces. Place this arm in position, 
and mark two lines coincident with its edges upon the two 
arms previously locked together. Then cut away the wood 
between these two lines (Fig. 19, d and e, e) a third deep, and 
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drop piece o in place. On the stufP thus framed toffether no^ 
mark out the six arms (Fig. 20), take apart and work, and glue 
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Fig. 19. 



together finally, then let into rim. Gut the ends of the arms, 
say, i inch shorter than the diameter of the rim ; lay them 




on the back of the wheel, and mark, from their ends and 
adjacent sides, half-a-dozen recesses on the rim, to be cut out 
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to a depth equaUing the thickness of the aims. Into these 
they wUl be dropped, glued, and screwed. 

Now turn a boss for the wheel-centre, and screw it in place, 
Fit the half-dozen ribs between the boss and the interior of 
the rim, screwing them through the arms from the back. Or 
these ribs may be locked together similarly to the arms, and 
the boss fitted over and between them. This would give 
greater rigidity to the wheel-centre. 

Our wheel might now be considered finished but for one 
little matter, which is of more importance than it might seem 
at first sight. A good engineer will always endeavour to 
avoid sharp comers, therefore it is customary to put what are 
termed " hollows " in the best patterns. Theae are 
strips of wood worked out to the annexed section. I /^ 
Where they are not actually put in the pattern, the y 
moulder cuts them in the sand with a special tooL 
The reason why sharp comers are avoided is this : — Cast-iron 
always crystaUises at right-angles to the surface against 
which it is cooled. Hence a ring will be the strongest form 
of casting, because the crystals will all radiate symmetrically 
(Fi^. 21). But take a right-angled figure (Fig. 22): 
obviously there will be a break of the crystals just in the 
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angle of the casting, forming a permanent source of weakness. 
Invariably, other conditions being equal, the casting will give 
way here before anywhere else. Put a hollow, however, in 
the angle, and the crystals will form without any line of 
separation (Fig. 23). 

For this reason many of the best wheels are made with 
hollows at the roots of the teeth, for here the action of 
leverage on the tooth induces the greatest stress. And it 
should be laid down as a rule that sharp comers in all cast- 
ings subject to much stress should be avoided. In the case 
of a wheel, we shall put the hollows in the pattern. Plane 
up some strips of wood, say f inch square and two or three 
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feet long, lay them on an angle-board, and with a round 
plane, about No. 10, hollow them out in a diagonal direction, 
then cut them o& to required lengths, and glue and brad in 
position. 

AU that now remains to be done is to fill up all screw and 
brad-holes with a mixture of chalk and yamish, or putty; 
glasspaper and varnish ; put on a core-print in the centre of 
me boss on the down side, and a rapping plate or two on the 
top side of the pattern. 



CHAPTEE IV. 

BEVEL WHEELS. 

Principle of Bevel-wheels. — ^Mode of stalking out. — ^Wheels in Section. 
— Proiection of Teeth. — Building-up of the Bim. — Turning with 
Ttjmplets. — Getting Centres for the Teeth. 

The making of a bevel-wheel inyolves the exercise of rather 
more skill &aii the making of a spur-wheel. In the case of 
the former there are two diameters, a larger and outer, and a 
smaller and inner diameter. The pitch and pitch diameters 
are reckoned on the outer or larger diameters of these wheels. 
The size of the inner or smaller diameter, and the pitch- 
centres on that diameter, will be controlled entirely by the 
breadth of the wheel, a wide tooth manifestly ms^ing the 
inner circle smaller than a narrow tooth would do. Th9 
same remark of course applies to mitre-wheels, which are 
simply bevels of equal diameter set at an angle of 90°. The 
one essential point to remember in these wheels is that all 
lines representing tooth-flanks, thicknesses, lengths of radii 
for striking curves of teeth, &c., converge to the common centrft 
of the wheels. 

For the working drawing we strike out a sectional view 
(Fig. 24). Mark the pitch-diameters on the drawing-board 
at right-angles with each other if the wheels are to work at 
right-angles; at the proper bevel if at any other angle. 
"Wliere the axes of these pitch-diameters intersect will 
be the common centre of the wheels towards which the lines 
converge. Project, therefore, these pitch-lines to the common 
centre; upon them mark off the breadth of the tooth, and 
there draw a line at right-angles to the pitch-line. Now 
measure oSt the distances above and below pitch-line on the 
larger diameter of wheel, thence draw lines towards the centre 
as far as the inner diameter of the teeth. The distance be- 
tween these lines there projected will represent the length of 
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the tooth on the email diameter. In like manner, indicate 
the thichneit of the tooth on the outer circle ; that dimension 
similarly projected will give ita thickness on the inner circle. 
And when afterwards the radii are found by which the flanka 
of the teeth are to be ateuck, tiie lengths of these radii pro- 
jected to the inner circle will be those used for strikisg the 
email ends of the teeth. 

A word about the projeotioii of the teetli to a plane surface. 
ManifdBtly the pitch^diameter of a bevel-wheel will not 
show the teeth on a flat surface. Looking at such a wheel 
in plan (Fig. 25), the faces of the teeth will not form a right- 
angle with the eye, but some other angle dependent on the 
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obliquity of the wheel-teeth. The correct method, therefore, 
to strike out the teeth is as follows : — 

Project the line which repreeents the axis of the wheel to a 
conBiderable distance outwards, then draw a line at right* 
angles with the pitch-line, and coincident with the outside 
faces of the teeth, prolonging it until it cuts the projected 
centre-line. The distance from this intersection to flie pitch- 
line on the outer diameter will give the projected radius of 
the larger diameter of the wheeL The same method adopted 
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in the case of the smaller diameter will give the proper 
radius for that also. On the arcs struck by these radii use 
rolling cirdes exactly as in a spur-wheel. The same rules 
also will apply to the general proportions of beyel as to those 
of spur-wheels. 

Having struck out our wheels in section, the next care will 
be to build up the ring. Evidently the segments of which it 
is composed will not be built vertically one above another. 
They will overlap as shown in sketch (Fi^. 26), and should 
be pencilled in that position on the sectioniu drawing to guide 

the workman when ■ sawing out. 
The rinff being built up, accord- 
ing to we instructions given in 
Chapter II., the turning becomes 
a matter requiring care. In this 
case we must make templets (Fig. 
27). We shall turn the outer 
face on which the teeth are to be 
fastened first. Face the wheel and 
strike the diameter a first, taking 
it with compass or tranmiel from 
the board. Make templet b by the boaid also ; then putting 
a straightedge across the level face, turn the outer bevel of 
the rim until the templet is coincident with the face of the 
straightedge on one edge and with the bevelled wheel face 
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on the other, as shown in diagram. Then turn the narrow 
edges with a bevel set to their respective angles. If it is 
intended that the teeth shall be turned and pitched out in 
position, they should be glued on at this stage, before the 
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ring is taken off the chuck; but if not, it will now require to 
be chucked for the purpose of turning the other side. This 
will be done by running a shallow groove, say | inch deep, 
in the face-plate, into wich £he poitLon of the rim marked 
A will fit, and screwing the rim into this groove from the 
back of the plate. The back, or inner face, will then be 
turned with straightedge and templet, as indicated at d. 
Here the advantage of pegs over brads will be apparent, for 
they will come through Qie bevelled segments everywhere, 
without being detrimental to the tool edges. 

The aims may now be locked together, as in the spur-wheel 
pattern ; but we shall not be able to recess the ring for their 
reception, so must simply fit them to its intonal diameter, 
and secure with elue and screws. The hollow sweeps coming 
iiito the angles, being fitted afterwards, will give mem addi- 
tional support. The boss and the cross ribs will be made 
also as in a spiir-wheel ; but it wiU be more favourable for 
moulding if they are left loosely doweUed on the arms, instead 
of being screwed permanently. The reason is that while in 
the irour-wheel the ribs are downward in the mould, in the 
bevel-wheel they are uppermost, in order that the teeth, where 
the soundest metal is wanted, shall be cast downwards. 

Fastening the teeth on the rim is a trifle more difficult than 
in the case of a spur-wheel, because the square cannot be 
brought into requisition. Proceed as foUows : — ^Having 
pitched the outer circumfer- 
ence of the wheel for the pro- 
posed number of teeth, raise 
a perpendicular line with 




compasses as shown in dia- 
gram TFig. 28). This being 
normal to the circumference 
will be radial with the cen- 
tre, and as the teeth con- Karw. 
verge to the centre will be a starting-point from which to 
pitch out the inner circumference. Four or five of these per- 
pendiculars should be raised at regular intervals, so Hiat the 
liability to error in marking out may be reduced to a minimum, 
and almost neutralised by taking the average of the whole 
series. The inner circimif erence pitched out, it only remains 
to work the teeth in a block, to mark centre lines upon their 
ends, glue and secure them in place, dean and vamiah. 



CHAPTEE V. 

WOBMS AND WORM-WHEELS. 

How to Btrike out.— \nth (Srdes.— With the Odontograph.— Pattern of 
Worm. — Templet of Diagonal Linee. — ^Mode of catting Worm.— 
Building the Wheel.— Jointing.— The Teeth. 

It is not an easy task to make wheels of this dass so that 
there shall be continuous contact between the teeth in eyery 
portion of their flanks in succession. Comparativelj few are 
found to fulfil this condition, most worm-wheels touching 
only round their central portion. But continuous contact is 
not of so much importance in these as in spur-wheels, for. 
almost any worm-wneel will work smoothly, simply because 
there are seyeral points of contact between the worm and its 
wheel in gear simultaneously, while in spur-wheels we have 
seldom more than two, frequently only one tooth, in actual 
gear all the time. 

To strike out a worm and its wheel proceed thus. We 
require, we suppose, a worm-wheel of 12-mch pitch-diameter, 
of 25 teeth, by 2 inches wide, to be driven oy a worm of 
3-inch diameter. The pitch will be 1^ inch. Draw then a 
straight line 9f inches long (the circumference of 3 inches), 
H inch out of perpendicular (Fig 29). This will represent 
the bevel of the wheel-teeth, and a length of 2 inches measured 
on this line will give the amount of inclination of the centre 
lines of these teeth. Draw out the teeth in section. Two 
sections of the pair must be drawn, one horizontal (Fig. 30), 
cutting Ihe teeth across the centre, the other vertical, taking 
them ^ngthwise (Fig. 31 ). The teeth in the horizontal section 
will be struck out as in an ordinary wheel and rack, the worm 
itself answering to the rack in this respect, that the base-line 
for the generating circle will be straight instead of curved, 
and if struck with the odontograph scale the slant edges will be 
placed against lines drawn at rt^ht angles with the pitch -line. 
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The ontlme of the Tertical eectjon will be decided by the 
diameter of the worm. Strike the S-inch pitch-oirde from the 
worm-centre — that tdrde will also give the proper vertical curve 
to the pitch-line of the worm-wheel. Set off the d^tha of Ihe 
teeth above and below pitch-line, as explained in CSiapter II., 
and strike the lines representing; these, both in wheel and 
worm, fnnn the woim-c«itre. 





Making the pattern of the worm first, joint two pieoee rf 
Btuff together with dowells, of mich a size that when t™?* 
with the joint exactly in the centre they will hold np to the 
diameter of the points of the thread. Secure them while m 
the lathe, either with a screw at each end (see page 160) or by 
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a couple of the centre-platea vhich are in oommon use in 
patteni-ebope. Now turn to the required size in diameter and 
length, not forgetting the prints at the ends, which in this 
case will not require taper at all, because thej will not mould 
yerticallj, but in a horizontal plane. 

There are two methods of jmarfcing out a screw or worm 
upon the plain turned body ; one — id which we will speak 
wnen we oome to talk about large aorews — ^ia by the projection 
of equally divided lines ; the other is by means of a number 
(rf diagonal lines marked on paper, and fastened round the 




wood to be cut out fla-ew-shape. This latter is &e one we 
will adopt for onr woim, as bemg readier of application in so 
small a pattern. 

The diameter of the worm onteide the teeth is 4| inohee ; its 
length, say, 4^ inches. Get a piece of paper 13 x 4j- = cir- 
cumference and length ; on this mark diagonal lines 1 i inch 
out of pupendicular and 1^ inch apart = the pit«h of the 
worm. Then another set of diagonals parallel with these, 
and at a distance from them equal to the thickness of the 
teeth at the point (Fig. 32). Glue this paper round the peri- 

Sheiy of the turned block, and the inclined planes will develop 
le outline of the worm (Fig. 33). It oalj remains to m^e 
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a templet fitting between the teeth we have marked on the 
board, and to use this templet as onr guide in working out 
the space between the screw points (Fig. 34). That portion 
of the templet which corresponds with the points of the spiral 
must be kept parallel with the points in working, since, if it 
. is suffered to slope, the shape of the tooth will be affected 
thereby, and we shall get it unsymmetrical. It is best worked 
in the lathe between centres, the inter-tooth space being cut 
away with saw, chisel, and paring-g^uge. 

The wheel will be built up in me usual way, but it must be 
made in two halves, parted horizontally, and dowelled together. 
The reason of this is obvious. A pattern with projecting 
edges could not be drawn from the sand, therefore we must 
m&e it in two parts, jointed in the narrowest portion of the 
diameter. The moulder then uses a three-parted box, so that 
while the two end faces of the teeth are in the top and the 
bottom boxes, the teeth themselves are contained in a middle 
ring of sand. 

The worm-wheel being rather small, a plated centre will 
be more suitable than arms. It is not advisable to make the 
centre plate of solid stufP, which will ahnost certainly shrink 
in the course of time. It should be built up in at least two 
thicknesses of segments for each half. Or the plate might 
be built up to its entire thickness, and the ring onfy be parted 
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through the centre, the shouldered portion acting as a dowel 
to keep the two halves steady in the mould (Fig. 3.5). Or 
the plate might be made of one thickness of stujff with '* open 
joints " — that is, joints tS-inch or i inch open, to allow of the 
partial swelling of the pattern in the sand without affecting 
its proper diameter. The rings are glued up in segments, each 
on separate face chucks, and jointed before their peripheries 
are turned. The edges of the two halves of the wheel must 
be turned by templet, marked from the sectional drawing 
(Fig. 31), and the teeth must be fitted and ^lued on in rough 
blocks, then turned to outline by templet and worked to shape 
afterwards. They must be struck on the two outer faces and 
in the joint ; the pitch on the outer faces, of course, will not 
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be the actual pitch of the wheel, but the larger diameter will 
be divided equally between the number of teeth. Work them 
with gouge and ehisel, using a templet, and trying the worm 
round from time to time. The getting the oorr^ shape on 
the outer faces is difficult, though quite practicable ; but the 
best way is to put the worm in the lathe, red lead it, and cut 
Ihe worm-wheel teeth until the lead diows contact every- 
where. They must be glasspapered by hand, the use of a 
fabber not being practicable. 



OHAPTEE VI. 

MACHINE-MOULDED WHEELS. 

The Change effected by the Introduction of Wheel MiichineB.— Parts 
necessary for Machine use. — The Teeth. — ^How moulded. — H'^^P^ 
Arm C<^ree. — Form of Core-box. — Bevel-wheels. — Striking Boards. 
— ^Top. — Bottom. — Arm Core-box.— Disc or Plate Wheela. 

Of late years the use of wheel castings made by a moulding 
machine has become very common. The writer often men- 
tally contrasts the revolution which the wheel machines have 
effected in this particular section of workshop practice, as he 
remembers what makeshifts were resorted to in order to 
economise the pattern-maker's time before the wheel machines 
were introduced. Wheel patterns are expensive to make, and, 
once made, they were used over and over again, and that even 
for jobs for which they were not wholly suitable, and for 
which a new machine-made wheel would now be ordered. 
Wheels were "drawn," **stopped-off," lined, and thickened up 
in various ways. And where a new one was absolutely neces- 
sary, the rim would be made in cores — ^about half-a-dozen 
teeth in a box, and the arms in a core-box also, or sometimes 
by a single arm, or a couple of arms " bedded in." All these 
makeshifts are now abolished, in the larger shops at least, by 
the introduction of the wheel machines, and the smaller shops 
find it cheaper to buy their wheels of the firms who make 
them a speciality rather than turn out inaccurate castings by 
the old roundabout processes. For the new wheels have the 
double advantage of accuracy as well as cheapness, since if 
the machine parts are kept in good order, and no "slop" 
exists, each tooth will be an exact counterpart of its fellow. 
The use of these wheels has become so general that while 
engaged on the subject of gearing something ought to be said 
about the essential parts which the pattern-maker h^s to pre- 
pare for machine use. For plain spur-wheels they are — block 
(Fig. 36), core-box (Fig. 37), diameter-strip, and finger-bit 
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The block is made of a piece of pine or m&hoffany, equal to tlLO 
depth of tlie vheel rim, and of a wmTonient length and ^ridth 




for the o 

vide. The onteide edge of the l>lock is worked 

radiuB as the rim of me vheel which is to be made. The 




teefii are represented by two oogs affixed to this outside sweep, 
of the desired shape, sute, and pitch (J^g- 36), and the moola- 
ing: proceeds as followB : — 
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The tootli-block is screwed to the carrier attached to the 
arm of the machine. Its distonce from the centre of the 
machine — equal to the radius of the wheel — ^is given by a 
strip of woody the diameter-strip, which reaches from the 
central pillar to some part of the tooth — either root or point. 
The proper change wheels being put on, the ipaee between the 
two teeUi is rammed up with sand, and the block is then 
lifted out of the mould by means of the hand- wheel actuating 
the vertical arm to which the carrier is attached. The sand 
is prevented from coming up with the block by a thin piece 
of wood — finger or hold-down bit — cut out to the same shape 
as the space between the teeth, and kept pressed on the in- 
cluded sand during the process of withdrawal of the block. 
When the block is dear of the sand, the requisite number of 
turns is given to the slewing-handle to carry it round a dis- 
tance equal to the pitch, when the process of ramming up and 
withdrawal is again repeated. In order that the tooth block 
when in the act of being lowered shall not scrape away the sand 
already rammed to shape, the outer flanks of the teeth are 
reduced below the correct size. This, of course, is not detri- 
mental to the form of the moulded teeth, the space alone between 
those on the block being used by the moulder* Each time the 
block is moved another tooth interval is rammed up, until the 
ring is complete. If the block is properly made, and the sand 
rammed sumoiently hard, and sprigged, the mould will not 
tear up at all, notwithstanding that the teeth are without 
taper, but will be ready for bladdng at once. 

The arms of machine-moulded wheels are made with cores, 
for which a special box will be necessary. They are usually 
H-shaped in cross section. To make the core-box (Fig. 37), 
in which the parts are represented as drawn slightly apart for 
the sake of deamess of illustration, the pieces necessary are 
a sweep, a, representing the inner portion of the rim, and as 
long as the space induded between two contiguous arms — a 
fourth, sixth, or eighth part of a cirde as the case may be ; 
two sweeps fitting within this, b, b, one top, the other bottom, 
which are the ribs or flanges strengthening the rim; four half-^ 
width arms, o, o, fitting with the ribs and with each other ; 
two half cross ribs, d, and a boss piece, E. These pieces are 
all rammed up loosely, that is, the parts are merely abutted^ 
not screwed together, and taken from the sand one by ont. 
They are rammed in an outer frame— not shown—- consisting 
of two pieces screwed at the requisite angles, and of the same 
depth as the wheel. If there are four arms, the core-box will 



40 tAToaii'itAxaia. 

be made si the angle of 90° ; if six, of 60* ; if eiglit, of 45". 
8<mietimee on outer fr&me of inm is used as a pemument 
oore-box for any nzed wheeL When that is the com the looM 
pieces only will be wanted. 

These cores, either green or dried, osoally green, are 
placed in position in the space included by the ring of teeth ; 
a oentre core for the wheel shaft is then fixed by measuto- 
ment^ completing the monld for a plain wheel. 

With bevel-wneelfl the process is not exactly the same. 
Here striking-boaTdB are necessary. They are two in number, 
one for etrilong out the bed for the arms and the points of 
the teeth, the other for the top portaons of the wheeL The 



boardii are sts^wed to a bar forming a oontinnation of a socket 
which fits over and turns round the central post. The strlMug 
edge is chamfered dmilarly to that of a loam board. 

The moulder proceeds thus with the top board, which bfflng 
for green sand, as is commonly the case, is out the xeveme 
way to one intended for a loam mould, as shown in sketch 
(F^. 36).* He strikes over a bed of hard rammed sand 
representing the top of the boas, the edges of the vertical 
arms and dC the nm, and the outer or larger faces of the 
teeth, finiahing off in a horizontal direction at their points 
to fcffm the joint of the mould. A mouldin^^box or flask 
lai^ enough to oorer the bed thus struck, is set in posi- 
tion and rammed up on it — a layer of parting sand al<me 
iuterrening. This is the top of Uie wheel mould, which is 
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now remoYed. The sand in the temporaiy bed is now dug. 
away for the piirpose of striking the lower part of the 
motdd. The bottom board (Fig. 39) is set in position by 
means of the horizontal joint of sand already made, and 
strikes the £at faces of the arms, the inner edge of the 
rim, the smaller faces of the teeth, and their points. The 
tooth block is then screwed on the carrier of the machine, 
and the moulding proceeds as in a spur-wheel, with the excep- 
tion that no finger-bit is 




Fig. 89. 



required. The arm-cores 
are also made and set in 
the mould in a similar 
way. For bevel-wheels, 
however, the arms are of 
the same shape as those 
in an ordinary pattern, so 
that the remarks we have 
made about H arms will 
not apply here. The outer sweep of the core-box represents 
the inner side of the rim, and the way to make it can be seen 
by a glance at the sketch 
(Fig. 40), where the rect- 
angular fig^e represents 
the rough block from 
which the bevelled inner 
portion of the rim, shown 
shaded, is cut. The top 
of the cores being curved, 
must be worked off by 
means of a strickle, similar in shape to the top board, Fig. 38« 




Fig. 40. 




Fig. 41. 



So that we require sweep (Fip. 41, a\ two half arms, b, b, two 
half ribs, o, o — ^that is^ eacui nb of half the casting thickness — 
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bo08, D, loose for withdrawal as before, and stricUe. A look at 
tiie sketch (Fig. 42) will also indicate the shape and mode of 
cutting out of the tooth block, the shaded portion merely 
indicating the lim section in relation to the blocki while the 
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teeth differ in nowise from those of an ordinanr berel-wheel. 
Fig. 43 represents the mould of a bevel- wheel m section. 
Sometimes in the case of a small wheel arms are not used« 







Fig. 48. 

the wheel centre being simply a disc or thin solid plate. Here 
the top board would strike the outline of the inner portion 
of the rim and the back part of the disc, and cores would not 
be wanted at alL 



CHAPTER Vn. 

MORTISE-WHEELS, &o. 

Mortise-wlieels. — ^Wb^ uaed. — ^Metal in Rim. — ^Thickneflfl of GogB. — ^Taper 
in Mortices. — ^Prints and Cotcb, — ^Wood used in Gearing.— Sawing 
Cogs. — Driving. — Fastening. — Splitting of Wheels.— Shrouding. — 
Breaking Strength. — Basis of Calculations. — ^Ratios of Wheels. 

MoBTiSE-wlieels are those which, are geared with wooden cogs, 
instead of with iron teeth. In a large mill or factory where 
many pairs of wheels are constantly at work, and run- 
ning at high speeds, the noise and the shock would be unen- 
durable if iron-tool^ed wheels alone were used. To prevent 
this nuisance, wheels with wooden cogs are made to gear 
with iron fellows. They answer admirably, but are very 
expensive, involving not only the cost of the wooden teeth, 
in addition to the casting, but the chipping and filing to a 
smooth sxirf ace of the flanks of the iron teeth (scarcely neces- 
sary, though, in the case of machine-moulded wheels), with- 
out which precaution the wooden teeth would become rapidly 
abraded. 

In making the mortise-wheel pattern, proceed generally as 
for an iron wheeL But bear in mind that the thickness of 
the rim here should be equal, not to the thickness of the 
teeth, but to their pitch — a deep mortise being essential to 
the steadiness of the tooth-shank. Also that a thickness of 
metal must be left beyond the ends of the shank, equal to 
about four-tenths of llie pitch. The cogs, moreover, are a 
third thicker than those of the iron wheel into which they 
work, and no clearance is allowed between the two. Core-prints 
must be used for the mortises, whether the wheel be made by 
pattern or by machine, and a core-box containing the requi- 
^site amount of taper must be made. The taper given to these 
mortise cores should not be more than i inch on a side for 
each 1^ inch of depth, for if it becomes excessive the teeth 
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vill have a tendency to spring wlien being driren into &eii 
placee, and so, possiblj, Dy Bettmg up too much vibration in 
the wheel the rim will become broken. And further, lorzely 
tapered teeth will work loose earlier than those tapered to 
onl; a moderate extent. In a spur-wheel the prints will 
come to the top edge of the rim (Fig. 44), and the poiidons of 
the prints which reatOi above the mortiseB will be " stopped " 
up after the cores are placed in. The best way is to make 
the core-box to "stop itself oS"* — that is, to take out the mor- 
tise and £11 up the entire print besides. Fig. 45 repreBents a 
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core thus made. In a mortised bevel it is not necess&iy that 
the prints should come to the top edge ; but their upper ends 
must be chamfered off, so that they may not drag Ulc mould 
(I^. 46). The core-box will be made to correspond. 

Having the wheel castings, next comes the fitting in of did 
teetii, or the " ecoring it, as it is termed. This was for- 
merly a specialily of the millwright, but now the pattern- 
maker looks upon it as his legitimate work. We suppose, 
then, that the rim, both on face and edges, has been turned, 
as in good work it should be, and delivered into the pattern- 
maker's hands to be geared. First, regarding the selection 
of the wood for that purpose. Hornbeam, apple-tree, oak, 
acacia, beech, are commonly used. On the whole, I think 
apple-tree carries the palm ; but hornbeam, beech, and oak 
are also very good. Oiie essential is that the wood be the 
driest procurable. Unless the mortise wheel is to go into a 
damp situation, as in the pit of a mill-wheel, its teeth iu« 
certain to shrink in time, and the rattling of a number of 
wooden cogs in their sockets is quite as mtolerable as the 
j:attle of iron and iron wheels would be. 

Saw the blocks out so that the points of the teeth shall out 
• See Chapter Tin., on Core Friut^ p. 63. 
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acroBS tihe md grain, that is, the grain fibres will radiate from 
the centre of the wheel ; let them be cut of such a leng^ that 
their shanks shall project about an inch from the inside of 
the rim, and leave also sufficient allowance on their faces and 
points for turning. Shank them with a hand saw, using a 
templet to insure imif ormity throughout, and leaye a litde, 
sa^y tS-y on each side for accurate fitting with a rebate plane. 
If a circular saw is available, the labour of handsawing may 
be avoided by making a block or carrier to slide along the 
saw bench, holding the tooth in it in such a position that the 
shoulder of the shank shall coincide with the Up of the teeth 
of the saw. Or in shops where a general joiner is kept the 
tenoning apparatus may be utilised. 

Fit the teeth in carefully, driving them tightly with a fit- 
ter's hammer or a light sledge, until their shoulders are 
within i inch of the rim. With a pair of conipasses scribe the 
shoulders of the «hank or tencm parallel wim the xim, then 
knock out and cut with a chisel to those scribed lines. Get 
some oil paint, thickly smear it over the tenon, and drive the 
tooth block finally home. There is some knack required in 
driving these cogs, for though they will bear, and indeed ought 
to have, hard driving, yet it is possible just to exceed the limit, 
and to burst the rim of the wheeL The ends just pa^t the 
tenon are also apt to fly off with the final blows. To prevent 
this they must not be undercut, and the strokes should be 
given just over the shank, not heffond it, and should be dead 
and film, not elastic in character. 

The teeth, although fitted carefully and driven home firmly, 
would yet work loose in time if no further support were 
afforded them. One mode of securing is 
to drill holes through the metal at the 
ends of the mortise, and to drive wood 
screws or pins through these into the 
tenon (Fig. 47). This is strong and neat, 
but it requires a large amount of drill- 
ing. Another way is to cut out dove- ^^ ^-^ ^ 
taued grooves in that portion of the 
tenons projecting inside the rim, and to drive in wooden 
wedges between the contiguous teeth (Fig. 48). This also 
has the merit of security, but necessitates labour which is 
superfluous. 

A third method is to prepare a number of wedges of sheet 
iron or steel not more fiian i inch thick, and about tV inch 
wider thm the space between jhe shanks. Their edges must 
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be ground sharp and bevelled, and thej are then driven tigbtly 
between the shanks (Fig. 49). But the same end may be 
acoomplished by a f ouxth method simpler than the other three. 
Bore holes at the ends of the tenons within the rim, but dose 





Fig. 48. 



Fig. 49. 



against it. Drive pins, which may be either lengths of 

fointed wire, about | inch in diameter, or dout nails with the 
eads cut off, into these holes, allowing about i inch of 
pin to stand out from the wood (Fig. 50). This is as firm 




Fig. 60. 

and lasting as any other fixing, and has the merit besides 
of being expeditious. 

Having secured the cog^, the wheel must now be put in the 
lathe again, and their faces and points be turned. The pitch- 
lines and the striking lines for the radii of the tooth nanks 
are to be run round, and the teeth divided and marked out, 
and cut through with gouge, chisel, and straightedge. They 
are not glasspapered, but simply wiped over with oil. The 
wheel is then fit to be put in its place. 

A few remarks of a general character, having reference to 
the subject of gearing, may fitly dose this chapter. 

Splitting of Wheels. — ^This means the casting of a wheel 
in halves, necessary when, from its intended position in 
the middle of a shaft, or between other wheels, it could not 
be driven on endways in the usual method. Being made in 
two, provision must be given for securing the parts together 
when in place. This is done by casting lugs or ears on oppo* 



site ddea of the bosa, and in ooiresponding podtions within 
the tim. Holes are cast through these to receive the bolts 
(Eig. SI). Sometimes — and this is the neatest va;— the 
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wheel is split through the oentie of an ann. In small castings 
this has a lees unsightly appearance than the lugs. Eadi 
half arm, however, must be made of the same width and 
thiobness as an entire arm, else the splitting would become a 
source of weakness (Fig. 52). 

The details of the process of splitting are the same, both in 
pattern and machine wheels. Make ^o lugs and fasten them 
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on each side of a core print, sufficientlf deep and wide to 
support the core in a vertdcal direction, and of the proper 
thickness — from i inch in small wheels to i inch in large ones 
(Fig. 53). Secure these lugs in positioa. 'Iben make a templet 
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of the aplittiiig; j^te for tlie moulder, followi&g both the out- 
line of uie print and also that of the portion of the wheel it is 
intended to split. Cut in it hplea of the intended aiza for tiifi 
bolt«, and in the proper centres. From this templet wrought 
or cast iron plates will be made. They will then be covered 
over on each side with a thicknees of loam or of tar, and will 
be dried. Bound cores of the eame lenaith as the thickness 
of the double lugs will be throat through the holes, project- 
ing equally from eech side to form the bolt-holes in the cast- 
ing. These plates thns prepared (Ilg. S4) will be dropped 
!^.- ^u :_^- j!_-j; — ^L. ._ — jndw-" ' ■■ ' 



_. — ^This term, as applied to wheel gearing, 
siguifiea the supporting of the teeth at their fa^s witii 
n flange or anniilar linp, and m^ be either half or whole 
ahrouduig, aeooidiiig aa it extends to the pitch-line (Kg. 55), 



or to the points of the teeth (Hg. 66). It is of eepedal value 
in small pmions having Teak roots, and is oommonl; believed 
to increase their strength by 40 to 50 per cent. 

When the shrood cornea in the bottom of the mould, it is 
essential that it be left loose from the boi^ of the pattern, being 
simply dowelled on to prevent it from becoming rammed away 
from its proper position. In the top of a mould it is also 
desirable Qiat it should be left loose, though not so absolutely 
necessary. In the case of a machine-made wheel, shrou^i 
will be struck by the boards, and the broken edges of the 
mould will be mended up afterwards, with a sweep similar in 
section to the shroud. 8e« Chap. XXX., p. 229. 

BreaUng Streugtli of Teeth. — A wheel-tooth must be 
regarded as a loaded beam or cantilever, its length 
being the distance from root to point, its depth the thickness 
of the root at its base, its breadth the breadth of the wheeL 
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To aBcertain the Btrength of a cantQever the rule is : '^ Square 
the depth, miiltiply by the breadth and strength of material, 
and divide by the length." A cantilever of good east iron, 
1 inch square and 1 inch long, will sustain a dead load of 
6,000 lbs. before it breaks. Applying this to the tooth of a 
wheel of 1} inch pitch, 3^ inches on face (Fig. 57), we find 
that it will sustain a dead load of — 



li* X 3i X 6000 

li 



= 22212 lbs. 
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Fig. 67. 



before breaking. Dividing this by a factor of safety, say 10, 
(it should be large for gearing), we get 20 cwts. nearly, as a 
perfectly safe load for such a tooth.* 

But it is usually assumed that two teeth are always in gear 
at once, which assimiption would, if correct, double the efiEective 
value of our calculation. Audit 
is quite true of a pair of large 
wheels not veiy disproportionate 
in relative diameter, and properly 
marked out. Two teeth are 
always in eear at the same time, 
and sometmies three ; but in a 
large wheel and small pinion 
working together such is not the 
case. It is only possible to obtain 
such a result in the latter instance by using a rolling circle so 
large that the roots of the pinion would be greatly undei^3ut 
and weakened thereby. Let it be understood that my assertion 
is not that two teeth are never in gear at once, for they are, 
but that at regular intervals, just when one tooth is entering 
into and the next one leaving contact, there 
is a moment when the strain is all con- 
centrated on the flanks of one. For this 
reason it is prudent to reckon only on the 
contact of smgle teeth. 

It is sometmies considered safer not to 
estimate the strength of a tooth on the 
supposition that the strain is distributed 
along the entire flank, but to imagine that 
it is concentrated on one comer only (Fig. 58). This will not 
afiPect the method of our calculation, smce the triangular piece 
is a cantilever still, but only the dimensions upon which our 

* In a beyel- wheel we most base our calculations on the mean dimen- 
sions of the tooth. 

B 




Fig. 68 
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estimate is to be fonned. For badly made wheels this is 
imdoubtedlj the safer plan; but if the wheels are struck 
out and made properly, and the strain is calculated for one 
tooth only of each wheel in gear at once, there is no need to 
base our estimate of their strength on this assumption. 

Batio of Wheels. — ^Wheels are levers, in which the me- 
chanical advantage is in inverse ratio to the radii of their arms. 
Also, circumferences and their radii being always proportional, 
it matters not whether in calculating the power or the velocity 
ratios of wheels we take their radii, circumferences, or number 
of teeth. Further, in calculating the power gained by a train 
of wheels, the geometrical and not the arithmetical product of 
the whole must be taken. Hence the rule for calculating 
the power of gearine is : Divide the product of aU the wheels 
(either their radii, mameters, circumferences, or number of 
teeth) by the product of all the pinions ; the quotient (friction 
disregarded) is the gain in power. Thus, in a train of gear- 
ing, let W, W, W" represent wheels of 60, 90, 140 teeth 
respectively, andP, P, P", pinions of 10, 12, 16 teeth, then, 
the pinions driving, the mechanical gain is — 

W X W X W" 60 X 90 X 140 



P X F X F' "" 10 X 12 X 16 



= 393-7. 



Lastly, having two proportional factors of a wheel given — 
to find the third 

Let IT = ratio of circumference to diameter = 3*14159 
n = number of teeth 
<^ := p. diameter in inches 
p = pitch of teeth. 

Then (1) The diameter and pitch being given, to find the 
number of teeth— 

^^ir X d 

n — 

P 

(2) The number of teeth and diameter being given, to find 

the pitch — 

^^ir X d 
p = 

n 

(3) The number of teeth and pitch being given, to find the 
diameter — 



CHAPTEE Yin. 

ON CORE PEINTS. 

Prints not always required. — ^Typical forms of Prints. — ^Tai>er. — ^Depth. 
— Modifications of Prints. — "Stopping-off." — Boxes. — Goring various 
kinds of holes. — Top Prints. — Wrought-iron pieces cast in. — Chain 
Wheel Cores. — ^Importance of Venting Cores. — ^Decomposition of 
"Water in a Mould. 

Agreeably with the purpose stated at the commencement of 
this volume — ^that the study of general principles should be 
our object — ^we shall revert occasionally to the discussion of 
those matters which lie at the foundation of the pattern- 
maker's art, but which we can only mention incidentally in th« 
articles devoted to set subjects. In pursuance of this inten- 
tion, the present article is devoted to the subject of core 
prints. To treat this wide matter fully would occupy three 
or four such chapters, but by taking it simply in its widest 
bearings we shall compress our remarks into a few para- 
graphs. 

Firstly, then, core prints are not always necessary. When 
the cores are large and rest flat on the bottom of the mould, 
they can be set in position by measurement, and their own 
weight, or the pressure of the top box, or both combined, will 
maintain them in position. But usually cores are set in their 
places by means of prints. 

^ The simplest form of print is the common round or square 
kind, on which the apprentice makes his first essays. Then, 
of course, all prints which draw from the bottom of the mould 
are simply modiflcations of these, possessing taper, and vary- 
ing with the shape of the holes they are indicative of. The 
next form is the pocket or drop print, used for casting holes 
in the vertical sides of a mould where a common round print 
could not be drawn up with the pattern. Here, when the 
core is placed in position, the upper part of the print is fllled 
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in with sand flush with the edge of the monld. All prints, 
however they may vary in appearance, belong either to one or 
the other of these two types. 

Common round prints are tapered in the direotion of their 
depth, the amount Y^ying mm Vr inch to i inch in their 




diameter, smaller prints having less, larger ones more, taper. 
^6 only object in tapering them is to facilitate their with- 
drawal from the sand. Their depth varies also, a print small 
in diameter requiring greater depth than a large one, to steady 
its core in position, bo tjtat while a 1-inch print may be 1 inch 
long, a print with a broad base, say of 8 indies or 10 inches 
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in diameter^ need not be more than i inch, thick. The thick- 
ness of pocket prints depends upon the thickness of metal 
through which their cores have to be carried. If we had to 
cast a hole through an inch of metal, the print should be made 
li^ inch thick, to counterbalance the weight of the unsupported 
portion of the core. But if the thickness becomes very great 
we ought to have prints on each side of the pattern, in order 
that the core might be bridged across the mould. If, however, 
the core does not go right tnrough the metal, but only a por- 
tion of the way, and the unsupported length is too great for 
an ordinary print to counterbalance, we simply put a print 
thick enough to resist the erushing of its sand out of shape by 
the weight of the core, and sustain the opposite end of the core 
by chaplets. The partly closed box, which sometimes carries 
a front crane roll, or the cylinder or the plunger for a large 
hydraxdic ram, having one end closed, will rUustrate my 
meaning. 

Again, we may have three or four holes in the same vertical 
plane (Fig. 59, a). Here we should place pocket prints one 
over the other, the outer ones being thicker than those within, 
because of the greater length of core they have to carry. We 
should scarcely be able to make these outer ones thick enough 
to entirely coimterbalance their cores, but should expect the 
moulder to hold them in place imtil they were securely stopped 
over. *' Stopping over" means filling up the upper portion 
of the print level with the face of the mould, after l^e core 
has been placed in position. 
Where cores of the same size 
are used repeatedly in one 
pattern, we make a special 
box to fiU up the print as well 
as to core the hole out, or, in 
brief, to "stop itself off" (Fig. 

60 ; see also Figs. 44 and 45, 

p. 44). It is easily seen what j^ ^ 

shape the core-box must be 
in order to fill up the print and take out the hole ; the difficulty 
sometimes is how best to joint it. However, this need offer no 
real obstacle if we remember that the only object in parting 
the box is to allow freedom of delivery to the core, oo that 
the various portions of an intricate box can be removed 
without tearing the core, it matters little in what particular 
way it is pajrted. 

Where a print has to be stopped up over a boss, the boss 
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must inyariablj be cut out to slip over the print, and not the 
print cut to fit over the boss (Fig. 59, h). This is apparent in 
an instant in the sand, for then a solid boss is seen to occupy 
the portion of the print which the moulder desires to fill up. 

When a long round core has to stand at an angle in a 
mould, it is customary to have, in addition to] the bottonr 
print, a long tapered one in the top coming right through the 
top sand (Fig. 59, e). Here the core is thrust in through the 
top after the boxes are put together, and the proper beyel is 
thereby secured. But the danger is lest some of the top 
sand should be pushed into the mould by the descent of the 
core, and, remaining there, destroy the casting. The mould 
being finally closed, the workman can only rely on his sense 
of touch. This danger is partly guarded against by maJdng 
the long taper print at its smaller end i inch larger than the 
core, or more efPectually by bending a piece of hoop iron 
around the smaller end of the print, and letting that remain 
in situ to protect the sand. But some moulders will rather 
sustain the core at its bevel by chaplets, and only use the long 
print where chaplets are not available. 

Where cores are carried in a line through two or more 
contiguous ribs of a shallow casting, pocket prints are often 
discarded for a round parallel print placed between the ribs. 
This involves no stopping over, for the joint of the mould is 
brought down to the centre of the print, and a long round 
core insures greater parallelism in the holes than two or jnore 
shorter ones would do. The advantage of this is still more 
obvious where there are deep bosses, projecting inwards, for 
increasing the length of bearing. These would have to be 
stopped over were pocket prints used, whereas with a roimd 
print the bosses remain intact. But if the sides are too deep 
to allow of jointing down to the centre of the print, and 
moreover too thin to allow of the bosses bein&^ drawn in, and 
for some reason or other it is not advisable to joint the pattern 
itself in the centre of the bosses, the neatest way is to take 
out the upper half of both boss and print with a core 
(Fig. 61). A block print stretching from side to side, with its 
ends well tapered, and a core-box of corresponding size, 
with half bosses and half print fastened on its bottom boards 
will then answer our purpose admirably. 

In the case of a vertical core disproportionately long in 
comparison with its diameter, a bottom print is not usually 
sufficient to carry it steadily in the vertical position. Then 
we put a top print on the pattern in addition to that on the 
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bottom. Yet this is usually only essential wliere it is not 
easy to cliet^ the upper part of the core by measuremeut. 
In a common brass bush, even if it be 10 incnes or 12 inches 
long, the moulder can centre his core by measurement, and 
the top box will keep it in position afterwards. So the core 
in the boss of a spur-wheel can be checked accurately from 
the points of the teeth. But a bevel-wheel with a deep boss 
on the back, or a Bheave-whecl one half of which is in tlie 
top box, do not afford the same facilities for measurement. 
So in these and similar cases it is adTisable to put prints both 
on top and bottom. 
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"We have frequently to cast a wrought-iron eye, handle, pin, 
or such like, in a piece of work. Here a print precisely 
similar to a core pnnt will be used, 
its shape following the outline of the 
handle, pin, or eye to be cast in {Fig. 
62). The spaces, a, a, left by the with- 
drawal of the print, are of course 
filled up with sand before the mould 
is closed for casting, 

Sometimes a hole has to be cast i 
through a thick lug or bracket in 
such a position that a print on each 
side is necessary. Tet something else 
in the way, a bracket, perhaps, or 
boss, would render the '* stopping-off " of the pocket print on 
one side a troublesome job. The difficulty is avoided by 
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having a oommon round print on this side loosely wired on,' 
and by w^iLTring the pocket print on the clear side about twice 
as thick as usual (Fi^. 63). The core is then dropped into 
the pocket print, and mrust along into the round print. The 
vacant space behind and over the core in the podet print is 
stopped up with sand as usual. 

The rim of a larg^ chain-wheel is usually taken out with 
cores to save the labour of cutting out a large number of link 




Fig. 68. 



recesses in the pattern. Here, and in all jobs where the 
prints should weU support their cores without assistance 
from chaplet nails, the print should be plenty wide enough. 





Fig. 64. 

Give it, say, half as much again of bearing as is necessary to 
just counterbalance the cores (Fig. 64). Of the core-boxes 
for these wheels we shall speak in due course.* 

Lastly, a core without communication with the outer air is 
an impossibility; no casting coidd be made with a core inclosed 
on all sides, for the gas generated by the heat of the molten 
iron would ihen be confined in the interior of the mould and 
form cavities in the casting — ^in other words, make it honey- 
combed or "spongy," or blow up altogether. 

The theory is this : a mould is always more or less damp^ 
that is, it contains water in a finely divided state. Water 
is composed of oxygen and hydrogen, H,0. At the tempereL- 
ture of molten iron Uiis becomes decomposed into the two gases, 
so that within a few minutes after the metal has been poured 
into a mould all the moisture within its infiuenoe becomes 

* Chapter XY., p. 98. 
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gaseous oxygen and hydrogen, occupying, say, 12,000 ttmea 
the original volume of the liquid. Of these two, the oxyeen 
enters into chemical combination of some kind or anotib.er 
within the mould, either with the carbon (the plumbago or 
the charcoal used for facing), to form one of the oxides of 
carbon, 00 or 00,, or with Qie surface of the iron to form a 
skin of oxide, or with the sand to form a silicated oxide 
of iron (parting sand). The hydrogen escapes to the vent 
holes, and rushing out ignites with a loud report, burning 
with the blue flame characteristic of that g^s. Hence it is 
apparent why not only the mould must be vented, but why 
all cores must communicate with the outer air. This, though 
properly belonging to the founder's craft, is mentioned in 
order to warn the pattern-maker never to entertain the idea 
of making a core without allowing an exit for the gas propor- 
tional to tiie bulk of the core itself.* As a matter of fact, in 
workshop practice holes are often cast in work in positions 
not indicated by the draughtsman, solely for the purpose of 
providing sufficient area of egress for tne liberated gas, the 
intuition of experience being Qxe best guide in such matters. 

* The student of chemistnr will readily nnderatand why the outrosh 
of gas from even a smaU mould is so great. 
A CO. of water weighs 1 gramme. 

The combining weights are Hg 2 ) , q 

O 16/—^^ 

CO. 

18 grammes decomposed become 22,400 of H 

11,200—0 



33,600 
that is supposing the gases were measured at (f 0. 
.% 1 gramme = 1 c.c. of water becomes-^ 

33,600 

— j8~= ^^^^ °-°* ** ^* ^' 
But as the temperature of molten iron equals at least 1,600® C, this 
would expand the gases to — 

1866 X (273 + 1500) „...^^ 
273 ^^ 12,1 18 CO* 

or 1 C.C. of water becomes 12,118 co. of mixed gas. 



CHAPTEE IX. 

ENGINE CYLINDEES. 

Striking out. — ^ViewB reqitired. — " Lagging np." — Head Metal. — ^Turn- 
ing. — ^Passage Block. — Steam-chest Flange. — Prints. — ^Exhaust.—* 
Feet. — Passage Core-box. — ^Exhaust Core-box. 

Engine oylinders are of all sizes — from 2 or 3 inches to 8 or 
9 feet in bore, and of most varied types. The smaller ones 
are cast from patterns, the larger from loam moulds. We 
will take a simple illustration of a high-pressnre cylinder of 
moderate size, and describe the making of its pattern before 
we pass on to the loam cylinders. This, like most of our 
work, must be struck out on the drawing-board. We want 
a longitudinal section, cutting through the steam ports and 
valve face (Fig. 65), and a transverse section through the 
same face and the exhaust port (Fig. 66), also a plan of the 
cylinder looking into the ports (Fig. 67). Make the drawing 
to the sizes of the finished casting, adding the due allowance 
afterwards for turning and boring. Taking a cylinder of 
6-inch bore and 10-inch stroke, let us give it certson definite 
proportions for convenience of illustration, and not as fast 
dimensions. 

in. , 
Length of cylinder . . • 
Thickness of metal in body 

f, flanges • • • 

Length of port . . . • 
Width „ . . . . 

„ exhanst • • • 
Metal ronnd ports . . • 
Length of valve face 
Width „ „ . . . 

Length of steam-c^est flange • 
Width „ „ 

Thickness of ditto 
Distance between ports 
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A foot or a pair of feet wLl be required for the purpose of 
bolting the cylinder on to its bedplate or framing, and their 
shape and position will be determined by the shape and posi* 
tion of the part to which they are to be attached. 

When about to make the pattern, commence with the 
circular body. In order to mould well, this must be jointed 
lonc^tudinally with dowels ; and imless a piece of very dry 
timber is available, it is not customary or wise in a standard 
pattern to make it in the solid. The proper way to make 
cylinders, as well as large pipes, is to '^la^ them up." Longi- 
tudinal strips are glued and secured with nails or screws to 
transverse ends which have been planed hexagon, octagon, 
or polygonal in form, the size across the flats being deter- 
mined by the thickness of the stuff in the higging. Dowel 
the end blocks in their joints, mark out into flats, and saw 
and plane perfectly square across the thickness of the stuff 
(Fig. 68, section). 

iNow lay the joints of those halves which contain the dowel 
holes on the bench or on a true joint board, at the distance over 
all which coincides with the extreme ends of the pattern. 
In this instance this will be 14^ inches = length of cylinder 
+ say 3 inches at each end for prints •\- 2 inches for ''head 
metal " = in all to 22^ inches, and this will be the length of 
the lagging also. The object of head is this : — ^When metal 
is poured into a mould, dirt and scurf, being light, float on the 
surface, and along with entangled air bubbles rise to the top, 
making the iipper part of a casting spongy and unsound. In an 
engine cylinder this porosity would oe a fatal evil, diminish- 
ing its strength ana permittmg escape of steam. Bo these 
lighter matters are allowed to float into a ring of ''head 
metal " of the same diameter as the cylinder, and of suffi- 
cient height to contain them all. It is scarcely necessary to 
remark that this is turned off the casting and thrown away. 

Sometimes the pattern proper flnishes with the head metal, 
and the prints are turned separately and screwed on the 
ends. This is a matter of no importance; but if our stuff 
is long enough to turn prints as well as body (and we will 
suppose this to be the case) our angular transverse ends will 
occupy the "out and out" position. Now take one of the 
pieces of lagging, plane up the face quite true, and bevel 
Doth edges. The width on the face will be the same as the flats 
on the transverse ends, and both edges will be bevelled so that 
if projected they would meet at the central axis of the cylinder. 
Olue and screw this flrst piece in place with one edge resting 
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on the joint board or bench ; 
chalk ite upper edge, and fit the 
second piece against it, until 
the chalk shows a fit every- 
vhere; plane the next edge to 
the same bevel at the proper 
vidth, and then glue botk the 
face and the chalked joint, and 
Bcrew. Iq this way carry the 
l^^ging round the first half of 
the pattern. Now turn over this 
first half, lay the dowel ends in 
place, and build np the second 
half in the same fadiion. Allow 
the glue time to set hard, and 
then chuck in the lathe with 
centre plates, which are simply 
sqiuire |>ieces of sheet ircm or 
brass with screwholes at the 
corners, and made— one of them 
to receive the lathe-fork, the 
other countei-sunk to run on the 
back centre (see Figs. 210, 211, 
page 160). "When screwed in 
place, they form the temporary 
centres of the pattern, and retain 
the two halves securely together 
while being turned. The screws 
which hold them on should be 
put in firmly In order to prevent 
the work fiying asunder while in 
rapid rotation. 

Now, having our cylinder in 
the lathe, and being assured 
that everything la weU secured, 
rough it down to within i inch 
of the body size with a sharp 
gonge. If belts are desired, the 
pattern must be roughed to the 
size of the belts first, and after- 
wards turned between the belts 
to the body size. Finish the body 
by scraping with a firmer-chisel- 
Mark on tiie body so turned a 
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line at the distance of one print from either end, equal to 
3 inches, then another line at a distance from the first equal 
to the length of cylinder, + the allowance for facing 
on flanges, — i inch, on each flange, equal to 14j^ inches in 
alL From these two lines strike two others equal to the 
thickness of the flanges with their hoUows, allowing, say, 
i inch for hollow. Turn out grooyes for the flanges in the 
spaces thus marked ; measure ofl 2 inches, the length of the 
head metal, and that will leave 3 inches for the length of the 
second print. Turn these prints down to 5f inches diameter, 
parallel, no taper being required — ^the cylinder moulding on 
its side ; 5f inches diameter will give the proper allowance 
for boring out on a small cylinder, but in larger ones we 
should have rather more, from -fy inch to iV inch. Glass- 
paper and yamish the body, take it from the latiie, and remove 
the centre plates. Fig. 68 will represent one half the pattern 
at this stage. Turn the flanges in halves on the face-plate 
to flt the grooves, not forgetting the additional i indi in 
thickness for facing. They may be screwed on the body or 
left loose — it is of no consequence which. 

The ports and valve face will claim our next attention. Get 
a block of wood, wide enough and thick enough to include the 
ports and the metal inclosing them, and flt it between the 
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Fig. 69. 

flanges and round the curve of the cylinder body (Fig. 69). 
Having hollowed the inner face, plane the outside rounding 
and concentric with the cylinder body (Fig. 69, a), making 
the thickness equal to the width of port and of the metal 
bounding it (Fig. 69, b). Becess this across the centre to 
receive the block through which the ports curve upwards into 
the valve face (Fig. 69, o). This last piece should extend as 
far as the termination of the hollow on the under side of the 
steam-chest flange. Be careful to have the top of this block 
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parallel with the joint of the pattern. Laying the half pattern 
on a true board, rest a straightedge over the block, and, 
measuring near its extremities, adjust its edge until it shows 
the block parallel with the board. Then screw in place. 
Next, prepare the flange for the attachment of the steam- 
chest (Fig. 69, j>\ Make it sufficiently thick to allow for 
facing, and also lor working the hoUow on its under side ; 
dowel it on the port block, keeping it parallel up and down 
the cylinder. Work out the hollow on the back, using rebate, 
and carpenter's round planes ; make theyalye face and nail 
it on, and on that again nail, screw^ or dowel the prints for 
ports and exhaust (Fig. 69, e). 
Leave these prints barely 
j^ inch narrower than the fin- 
ished ports, so that the fitter 
may chip and file their edges 
accurately for the cut-off of 
the steam. 

Now fit a block of wood 
for the exhaust, the D -shaped 
piece of pipe which comes 
from underneath the steam- 
chest flange downwards to the 
joint of the pattern (Fig. 66, 
a). Work the portion which 
fits the body of the pattern 
with a gouge, and the outer 
part wiSi a chisel, using a templet struck semicircular in 
shape (Fig. 70\ A distinct half-round block will be fitted on 
the other half o£ the cylinder body, forming a continuation 
and termination of the D-shaped pipe (Fig. 70, a). Make 
the exhaust flange and print in halves, and screw one half 
on each portion of the exhaust pipe, the joint of the flange 
coinciding with the joint of the pattern (Fig. 70, b, b). 

The feet in our pattern are at right-angles with the steam- 
chest face (Fig. 66), and can be fastened on permanently to 
draw with the pattern ; but had they been on the side opposite 
to the valve face, they and their bracketings must have been 
held in place with temporary screws only, put in from the 
inside of the lagging. Put hoUows behind these feet, and 
allow for planing on their faces, b, b. 

We now consider the core-boxes. They are two in number, 
the steam passage and the exhaust. No box is requisite for 
the centre core, for the core maker strikes that against the 
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edge of a loam board. In this oaae it is simply a board a few 
inclies longer than the cylinder and prints, having one edge 
planed straight and chamfertd. The core-boxes, hovever, are 
not eaeiLy made by an inexperienced liand. By adhering to 
the following directions, and etzeroiBing a little " insight^ no 
great difficulty need be experienced : — 

Take the passage box first (Fig. 71). We hare liie onrred 
part drawn in section (Fig. 66, o, and Fig. 65). Prepare, 
therefore, two pieces of wood, just the width of the port 
=3i inches, and exceeding its extreme length by about 



4 inches, and soffici^tly thick to allow of planing out 
the curves, and giving an inch of wo? I in the tMnneat 
part besides. For the outer curve oi lue port (Fig. 71, a] 
hollow one of the pieoes, using a templet struck Som the 
drawing, and for the inner curve rotmd the other piece (Fig. 
71, b). 

We now want to form the ends and their curves. Evidently 
the longitudinal oentral linos of the pieces just worked coire- 

rnd with the port lines on the longitudinal section we have 
wn upon our board. So we set the Mn^o/lineof each piece 
in turn over its corresponding line on the board, using a set- 
square for the purpose, and we see at a glance that we must 
block up at the ends of our straight pieces in order to form 
the terminations of the box, and we also see the amount of 
blocking that is necessary. £ebate out across the curved faces 
for the reception of these blocks, and glue and screw them in 
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place, c, c. Fit and glue in like manner the bite whicli are to 
form the hoUowe, d, D; and work them in place. Screw on 
the blocks, e, k ; connect the two portions of core-boi with 
transverse ends, f, f, letting them into shallow grooves, 
a, a, a, a, in the usual way, to prevent their ramming out of 
position. It wiU he rememhered that our prints were made 
narrower than the finished parts to allow for exact adjustment 
of the valve. In that end of the core box, which corresponds 
with the print, thin strips of wood will be glued to diminish 
the opening to the width of the print. These strips may be 
i inch wider than the thickness of the print, giving ^inchfor 
d^th of chipping strip in the casting. The planing will take 



) inch oat of this, and the wear of the valve wiU reduce its 
thickueea further in course of time. 

The other end of the core will fit the body core of the 
cylinder, and must, therefore, be hollowed to that curve. Fit 
a piece in that end, and with its rounding face h towards the 
(ws apace ; this will impart to the core the hollow form required. 

Lastly, there is the exhaust (Fig. 66, a). The joint of this 
box will correspond with the transverse section of the cylinder, 
cutting the exhaust passage along the centre. Two pieces of 
wood are required, sufficiently long and wide to indudotiie whole 
course of tie exhaust with its prints, with about a couple of 
inches of timber besides (Fig. 72). They should be about an 
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inch thicker than the semidiameter of the passage. Face both 
pieces truly, dowel together, and square one side and one end. 
To these corresponding faces transfer, by means of square and 
compasses, the sectional view of the exhaust port from the 
drawing board, extending that view to include the prints. The 
ends of the prints will coincide with the side and end we have 
squared. Gauge half the depth of the oblong portion of the 
port on each half of the box, and similarly strike on each half 
the circular portion of the port. Cut inwards with chisel and 
gouge, using templets to insure accuracy away from the 
immediate vicinity of the ends. Be careful that the halves of 
the box correspond, so that the core shall show no overlapping 
edees in the joint, and fasten the chipping strips against the 
va^e face as in the inlet core-box. Fig. 72 shows one half of 
this box thus worked out. 



CHAPTER X. 

ENGINE CYLINDERS STRUCK IN LOAM. 

The use of Loam. — Foundation-plate for striking on. — Bottom-board.— 
Body-board. — ^Attachments of Cylinder. — Loam Bricks. — Top-board. 
'Head. — Central Core. — Closing the Mould. — ^Variety of Design in 
Cylinders. 

A MOXJiiD taken from a wooden pattern is the most convenient 
and economical method of making a small cylinder, but it 
would obviously be too expensive in one of large diameter, say, 
ranging from 3 feet to 8 or 9 feet. If, then, we bad to make 
a cylinder so large in diameter, and perhaps 6 feet, 8 feet, 
or 9 feet long, we should " strike it up " in a loam moulds 
Fotmdry loam is a mixture of various sands and horsedung, 
which mixture, unlike the common sand, has the property of 
hardening when dried. Being plastic when in the wet state, 
it can be *' struck up," or made to assume any shape that may 
be required. The necessary outline is imparted to the mould by 
a board having a '* chamfered" edge, which board swivels on 
a bar set upright, and working in a step. Portions of work, 
not circular, as valve faces, feet, passage blocks, &c., must have 
their corresponding patterns made separately, just as in the 
case of an entire wood pattern, and embedded in the loam, 
there to remain until it is dry, when they are drawn out as 
from ordinajy sand. 

In our large cylinders we begin with the bottom flange. 
Make a rough cast-iron plate, 5 inches or 6 inches larger than 
the diameter of the flange, and about 3 inches thick ; cast four 
projecting lugs on its circumference, and let its upper surface 
(Fig. 73, a) be studded over with points or " jaggers" to hold 
the loam. A hole in the centre is necessary, to allow the 
central striking bar to pass down to its socketed footstep. This 
plate will be placed on any convenient support, usually wooden 
blocking b, b, and daubed over with thick loam. The first 
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atrikinK board, c, notched to correspond to tlie semidiameter 
of the flange, minua half the diameter of the etrikiug bar, n, 
also shouldered back to tbe thickness of the flange, and carried 
out parallel a few inches beyond its edge, will be swept over 
this surface. By repeated strikings, and the flnal appHcation 
of thinner loam, the shape of the edge and face of the bottom 
flange, together with a joint surface, will be obtained. This 
'will then be lifted by the projecting lugs which are cast on the 
foundation-plate, taken to the stove, and dried. When dry, 
it will be si^ciently hard and firm to sustain the body of the 
cylinder which will be built upon it (the latter mieht, however, 
be built on a separate plate, and then transferred). The outer 
board for striking the body, framed together with half-lap 
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join&, cut at the top to form the flange and the upper joint, 
and chamfered, will be screwed to the bar, with its bottom end 
level with the joint of the flange (Fig. 74). The flange itself 
will be temporarily fllled with sand. On the flange joint 
already made the moulder will build up the body of the 
cylinder. Outside, and about an inch away from the edge of 
the board, he will build courses of bricks, bedding each 
BucceBsive course on a thin layer of loam, until the proper 
height is attained. Within this wall of bricks loam will be 
laid, and struck truly circular by means of the board. The 
upper 'portiou of the board will strike the top joint, coinciding 
with lie face of the top flange, and that joint will have a 
"check" about IJ inch deep, and standing about 4 inches away 
from the edge of the flange, which check becomes a guide 
for the concentric setting of tie top mould. Passages, valve 
faces, and flanges, of one type or another, will be required. 
These, as we said before, will be made as patterns, and 
embedded in the loam, and, of course, where they come the 
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bricks must be left out. Portions of these ma^ require to be 
loose for conTeuience of drawine in, and while some pieces 
will be drawn into the mould, omers perhaps, as steam-cbeet 



flanges, will have to be drawn from the outside. "Where a 
£ange is drawn from the outside, ita f aoe will be made by a 




£at cahe of loam laid against the outside after the mould 
is finished. "Where there are wide flanges or brackets in 
cLose proximi^ to the body of the cylinder, there is a 
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danger of their breaking off during the contraction of the 
metal, owing to the unyielding nature of the bricks. In such 
cases "loam bricks" are used, i.«. bricks made of loam and 
dried. Theae will crush and give more readily to the ebrink- 
ing of tlie metal. 

The face of the top flange will be made by a board showing 
a joint exactly the counterpart of that on the body-board, 
having its "check" cut the reverse way to that shown in 
Fig. 74. A tongue must be screwed upon it to give the pro- 
per head metal, say six or eight inches (Fig. 75). The 
Kange face will be struck on on iron plate similar to that 
which was used for the bottom. 

Meanwhile the outside of the cylinder will have become 
sufficiently set for removal to tlie stove. It will be detached 
from the bottom plate for this purpose, and while it is drying 
the centre core, representing the 
bore of the cylinder, wifl be 
struck up. Here also a board 
in a vertical position will be 
used, striking a coating of loam 
on a body of bricks (Fig. 76). 
This, too, will be dried and re- 
moved. 

All the parts having been 

struck and dried, the moulder 

then blacks their surfaces and 

puts them together. Fig. 77 

shows the mould in section. 

The passage cores, not shown, 

for ^diich core-boxes must be 

made in the usual way, as 

., described in the last chapter, 

' will be fixed, and the top and 

bottom parts of the mould will 

be secured by bolts, embracing 

thu lugs on the top and bot- 

^' ™" tom plates. The whole will then 

be placed in the foundry pit, due provision having been made 

for the bringing off the gas from the mould, and the entire 

affair is rammed round with sand previous to casting. 

Cylinders vary very widely in general design ; consequently 
a detailed description of one pattern will not apply to another. 
In this, as in many other daeses of work, a pattern-maker wUl 
seldom get two jobs exactly alike. He must, therefore, find . 
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safe and sufficient g^de in the general principles of his trade, 
assisted bj the teachings and warnings of experience. Thus 
he must not only foresee whether or no his pattern, when 
constructed, will deliver from the sand, but whether the cores, 
as well as the mould, can be put together in detail, and so 
securely that nothing shall be washed out of place by the 
rush of metal. He mil also consider where core prints can be 
used with best advantage, since sometimes prints will be dis- 
peiised with and " chaplets" used instead; frequently also 
prints in. cores wiU form the supports for other cores. 



JOINT 






JOINT 



t; 



•J. 

s 



Vt yju i^ '* ^ feyfej M^^ ~ >*^ 



\ 



f ' 

,/ 






Us 

(. 



M 



I', 



JOINT 






JOINT 



Fig. 77. 

Cylinders are sometimes cast double ; frequently they are 
jacketed; often the steam-chest forms a part of the cylinder 
casting. The feet are sometimes in awkward positions and of 
queer shapes. Of late years engines have come into common 
use in which cylinder, bedplate, and guide-bars are cast all 
in one. In these matters of detail the general principles we 
have laid down, coupled with the knowledge to be gained by 
experience, are su&cient guide to the workman who may 
never have seen a piece of work precisely similar to that which 
he may at any moment have to take in hand. 



CHAPTEEXI. 

ON ENGINE BEDS AND BASE-PLATES IN GENERAL. 



Definition of a Bedplate. — ^Horizontal Engine Bed. — ^Methods of 
ing.— Way of Casting. — "Boxing-up" of Patterns. — By twolW 



Mould- 

__j,. .—^ „. Q ^^ _^ I Methodic 

— Attachments of Bed. — ^Types of Bedplates.— Gore-boxes. — Buck- 
ling of Castings. — Theory at Fault. 

There is no limit to the fomiB which bedplates may assume. 
But however their details may Tary, a bedplate is a bed- 
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plate after all. Any piece of casting which becomes the foun- 
dation for machinery may be termed a bedplate or baseplate. 
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In a general way we should define it as a plate of metal 
rendered rigid by means of ribs or flanges. There may be 
bearings, brackets, facings, lugs, bosses, recesses, mouldings 
also, which will complicate the pattern in a greater or less 
degree ; but the remarks following wiU apply in a general way 
to aU castings of this class. 

We will, first of aU, give detailed directions for the making 
of a common type of engine bed, and afterwards pass on to 
observations of a more general scope. Say, then, we have to 
make a bedplate for an engine of the ordinary horizontal type. 
The bed is of a type which in these days of compact and cheap 
engines is becoming somewhat antiquated ; but it is purposely 
chosen because it illustrates well the method of ** boxing up," 
and affords a good medium for the remarks we wish to make 
on beds in general. It is a plain bed shown in Fig. 78. Two 
ways of constructing it would occur to the pattern-maker. One 
would be to make the pattern like the casting, allowing every- 
thing to deliver itself; the other would be to take out the 
space between the ribs with dried cores. Selecting a bed 
having a section like Fig. 79, the first method would answer 
very well; but taking one with a section like Fig. 78, the 
second plan would be preferable. Where the pattern delivers 
itself, the sides (Fig. 79, a, a) must be tapered, or set out of 
perpendicular, say ^ inch or ^ inch, de- 
pending on the depth of the bed ; and the 
flat ribs or flanges, hj h, must be held only 
temporarily with wires or "skewers," so 
that after the pattern is rammed up they Kgr- 7®- 

may come away loosely along with the body of s€uid which 
forms the hollow portion of the bed, to be subsequently 
withdrawn sideways. But where the hollow portion is taken 
out with cores, aj9 in Fig. 78, the pattern will be made just 
as though the casting were not to be hollowed out at all, and 
core prints on the back (enlarged section) will give the only 
indication that the bed is not intended to be solid. Let us 
premise that when we mention the back of a pattern we mean 
that portion in the top of the mould — in the case of our bed, 
that portion which bolts on the foundation-stone. 

Now, it would always be more convenient to lay cores in the 
bottom part of a mould than to hang and screw them in the 
top. But as we have already mentioned, when speaking of 
cylinders, the bad metal always rises uppermost, and * would 
be highly detrimental both to the strength and appearance of 
a bedplate to have a quantity of scurf and air bubbles spread 
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over its enrface, where facings, bearings, bosses, Ac, reqwre 

to be faced bright, and where a sound plate is neceasaiy to 

eustaiu the complicated strains and stresses of moving parts. 

Hence it is usual to cast beds with 

the plate downwards, and to hang; 

the cores in the top. 

If we had to make a BmaU bed- 
plate for a four or six e.f. engine, 
we should plane up solid stuff and 
mortise the crossbars (Fig. 78, i, h) 
into the sides, e, e, a process suffi- 
ciently simple to need no descriptiTe 
detail. But if the bed were a Urge 
one, say ten or twelve feet in lengtn, 
we should "box it up." In illua- 
k tration, suppose we nad a plain 

^^ rectangular piece to box up, 12 feet 

*^\ long, with a 9-inch by 6-inch cross 

section, and had l-inch stuff av^- 
^ able for the purpose, we should get 
« out the two sides 9 inches wide, and 
the top and bottom each 4 inches 
wide by the 12 feet in length, drop 

Nthe top and bottom between the 
sides, and nail together. Internal 
support would be given to the "box" 
by croes-bars or blocking pieces 
placed at intervals of about a foot. 
By building up pieces of heavy sec- 
tion in this manner a saving q& 
timber is effected, and the liability 
of the pattern to warp and twist out 
of truth is lessened. 

We can apply this method to oni 
bed in one of two ways. The sides 
and cross-bars may be each boxed 
up separately — squared off to their 
respective lengths, and fastened to- 
gether by tightly fitting dowels, assisted by screws driven in 
obliquely. The better method, however, is to frame the top 
and bottom plates of the pattern together with half-lap joints 
(Fig. 80). Then to take the pieces intended for the sides 
and screw them on separately through one plate, first remem- 
bering to screw the inner sides, a, a, of the oed to the ends of 
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the cross ribs, h, h, h, h, before the outer sides, <?, e, are put in 
place. The sweeped or curved end, d, may be built up with 
an outer and inner course of circular segments, or simply of 
circular arcs. Then, when the sides are all complete, place 
internal cross-bars, to insure the necessary rigidity during 
ramming up, and screw on the top plate, e. 

Proceed to dress off all overlapping joints, and to mark 
out all centres. Dowel prints i inch or f inch thick on the 
back to carry the lightening cores, for if screwed fast, the top 
sand, on being lifted, will be torn away ; if dowelled they 
come up with the top, and can be taken out one by one. A 
moulding, d, d, will be carried round the lower edge of the 
casting ; plane this to required shape in strips, and screw on. 
Roimd the semicircular end it will be '*saw kerfed" after 
carpenters' fashion, or ic may be worked in short sweeps with 
gouge and chisel, which is the better way of the two. Lugs 
or ears for bolting down, e, will likewise be made, and 
screwed to the outside of the moulding. A bearing, f, 
will be cast on to carry the crank-shaft. It will be at an 
angle of 45° or thereabouts with the face of the bed, and 
will require to be drawn from the sand parallel with its own 
centre line. Therefore it will be dowelled, and left loosely in 
the mould. This also will be lightened with a core, and the 
recess for the reception of its brass bearing will be either 
taken out with a core or cut in the block, it is immaterial 
which. Bosses for the guide-bars are turned and pinned on. 
Facings for the cylinder wiU complete the bed. 

I cannot recaU to mind any type of bed casting which 
cannot be made in one or other of the ways which I have 
indicated in this chapter. Broadly, then, they may be divided 
into beds either solid or boxed up, and beds the counterparts 
in shape of the castings ; in the latter case leaving their 
own cores, in the former hollowed by dry sand cores, in one 
or other of these methods, or by a combination of both, all 
bedplates can be made. In some classes of work drawbacks 
are useful ; but as a chapter (XX.) is devoted to this and 
kindred subjects, we will not enter into it here. 

The core-boxes remain. They are readily made. The sides, 
including the depth of the core together with its print, are 
grooved out for the reception of their ends. Flanges are 
dropped within the box like the internal flanges in the casting, 
but thicker than those by the added thickness of the print 
(Fig. SI, a, a). As the cores are sometimes of different lengths, 
though of the same section, one box is made to do duty for 
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them all, their yarioos lengths being g^yen by an adjustable 
sliding end, screwed where required. The lightening core 

in the bearing will require its special box, and 
will be adiusted by chaplets — a print on the 
bottom not Doing ayailable ; or it may be screwed 
through one of the long cores into the top. A 
speciu box may also be made for the semicir- 
cular end, or, if economy is to be studied, the 
end core may easily be strickled. All that is 
necessary thon is a strickle about an inch thick, 
4. cut to the shape of the core section, and a thin 
^SECTION OF cast plate of iron to strike and dry it upon. 
.CORE BOX rpjjQ condusiou of this chapter wul be a fitting 

^•®^' occasion to say a word or two upon the 

<' buckling" of castings, and of the measures to be adopted 
in order to g^ard against the eyil of castings coming out 
crooked when they ought to be straight. The moulder may, 
by judicious cooHng, do much to minimise this eyil ; but 
the issue depends chiefly on the relative proportions giyen 
to the patterns. Yet proper proportions once attained, slight 
departures from these will so modify the conditions of regular 
eooling that it is yery difficult, almost impossible, to lay 
down any reliable rules in these matters, or to say before- 
hand how much a casting in which ike proportions of 
metal are unequally distributed will curye in cooling. The 
only useful guide m these things is that afforded by the 
constant habit of obseryation and a long experience. Our 
engine bed will certainly curve in cooling, so that if the 
pattern were made straight the plated portion of the casting 
would be hollow when cold. To what extent it would curve 
it would be impossible to say without previous experience. It 
may be ^ inch, f inch, or i inch, according as the moulding 
and inner rib are thick enough to compensate in a greater 
or less degree for the larger extent of metal in the top 
plate. We therefore round the pattern to the same extent 
that we expect the casting to go hollow , and in the opposite 
direction. 

Yet, although a long narrow bed will curve to a considerable 
extent, a brocid plate made double for a pair of engines will 
be found to remain very much like the pattern. And the rule 
appears to hold good that the narrower the casting the more 
liable it is to warp. Breadth apparently gives rigidity, 
since on a long narrow casting a very slight excess of metal 
will cause a curve in the direction of that excess, while 



ON ENGINE BEDS AND BASE-PLATES IN GENEEAL. 77 

on a broad casting it would have no ill efPect. Other condi- 
tions being equal also, a light casting will always '^ go" more 
than a heavy one, and will be influenced by slight modiflca- 
tions that would not affect the heavier one. The quality of 
metal, too, is not without its influence, hard iron being more 
liable to curve than the softer kinds. Every now and again, 
however, things crop up in foundry practice which appear to 
invalidate one's pet theories on this subject. 
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Pattern Wheels. — ^Wheels struck up. — Wheels with Cast-iron Anns. — 
Striking the Core-bed. — Size of Cores. — Form of Core-box. — Laying 
Cores in position. — Top part of Mould. — ^Wheels with Wrought-iron 
Arms. — Sweeping up the King. — Core-box for the Arm Bosses. — 
Casting of Centnd Boss. 

Flywheels permit of very little variation in design. "We may 
divide them into two classes — those with east and those with 
wrought-iron arms. The former are the more rigid, the latter 
are the safer. 

Except in the case of standard wheels made for engines 
which are a speciality, and which, therefore, require a 
repetition of castings all exactly alike, very few flywheels 
are made from patterns, but are struck up. If, however, we 
had to make a pattern for one of these standard wheels, or one 
for a small engine, we should proceed as follows : — 

Build up the rim in courses of segments, as in the case of a 

toothed wheel (p. 18), and lock the arms 
together, according to directions also pre- 
viously given (p. 25). When the rim is 
built up to half its fuU thickness plw half 
the thickness of an arm, turn its inner por- 
\ tion to the correct diameter, and notch out 
■^ recesses to receive the ends of the arms. 
Glue these in, and above them glue on the 
remaining courses of segments. Then com- 
plete the turning of the rim, and work the 
arms to shape (Fig. 82). If the wheel were 
BccT.oN A A large it would be more convenient to work 

the arms before glueing them in place, 
leaving only the radii which merge into the 
rim to be finished in position. Suitable bosses 
will then be turned and screwed on the 
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centre of the wheel, and the core print put on the centre of the 
boss which is in the down side of the mould. 

But suppose we have to make a large wheel, ranging any- 
where between 4 feet and 12 feet in diameter, without a pattern. 
We should proceed in this way. We should make a board 
chamfered like a loam board, and, like it, fastened to a centre 
bar (Fig. 83), to strike a ring of sand of the same diameter 
as the periphery of the wheel, the top edge of which ring 
would be struck off level by the board to form the joint 
for the top of the mould. The disc inclosed by this ring would 
be struck to a true plane of sand at a depth below the joint 
equal to the thickness of the wheel rim. During the process 
of striking, the sand forming the outside of the rim will 
break away and fall down to a certain extent. A sweeped 
piece, worked to the proper radius and depth, will therefore 
be necessary to mend this up smooth and sharp (Fig. 84). 
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Fig. 83. Fig.84, 

Further, if the flywheel be shallow, the striking board must 
be modified a litfcle. From the inner diameter of the ring 
right away to the centre it must be cut deeper by 2 inches 
or 3 inches, thus recessing the bed below the edge of the 
rim by that amount (Fig. 83), where the core-bed is seen to 
be below the face of the rim. The object of this is to get 
sufficient depth of sand and grid room in the cores which 
are to form the arms. There should not be less than 1^ inch 
or 2 inches for sand, and 1 inch for grid allowed over the 
thickest part of the arm. 

Two cores, placed face to face, make up an arm. They are 
jointed in the circular plane of the wheel, and extend from the 
mner diameter of the rim to the central boss. If, then, our 
bed were level with the edge of the rim, our core-box would be 

J'ust half the depth of the rim. If the core-bed were sunk 
ower than that edge, the core-box would be thicker than half 
the depth of the rim by that amount. 

The box must be sufficiently wide to give 3 inches or 4 inches 
in breadth of sand for radial jointing where the cores abut 
against each other around the boss. There should also be 
enough sand to include the radii or hollows where the arms 
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sweep into the rim. It will be framed together in the usual 
fashion of rectang^ar core-boxes, with two sides (Fig. 85), 
haying their two ends kept in position by shallow grooves. 
The end which represents the inner diameter of the wheel 
will be hollowed to the same sweep as that diameter. At the 
opposite or boss end, two symmetrically shaped joint blocks, 
a, a, will be fitted, including between them an angle of 60°, 
that being the angle which the cores will occupy in relation to 
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each other in the mould for a six-armed wheel. On one edge 
of the box so made a bottom board will be dowelled. 

We have now our box in outline, requiring the arm to 
complete it. As the cores are to be jointed in the centre, both 
top and bottom cores must evidently be alike, and our arm 
will represent only a half section. 

Prepare, therefore, three pieces of wood, representing 
respectively the straight portion of the arm, h, the sixth part 
of the boss, including the hollow by which it sweeps into the 
straight arm, c, and the sweep curving into the rim, dy each in 
half section. Dowel or screw these in the centre of the core- 
box and upon its bottom board. A sixth part also of the cen- 
tral core print may be put on the boss segment, if the box is 
deep enough to allow of this» or the core may be centred in the 
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SECTION 
OF CORES 

Fig.87. 



mould after the arm cores are laid in place. Notches, e, e, will 
be cut out on the top edges of the core-box to take the grids 
(Fig 86). A grid is a cast-iron frame of latticework, which the 
moulder uses for the same purpose as the bricks and plates in 
a loam moidd, viz. to give rigidity to the core. Those portions 
of the grid which project beyond the core are in this case also 
used for the purpose of screwing the top and bottom cores 
together before casting. 
The cores, when Inade, are dried, blacked, jointed (Fig. 87). 



FLYWHEELS. 



81 



and laid in the mould, as indicated by the dotted lines in Figs. 
88, 89. There will then be open spaces, a, between each double 
core, which must be filled up to form that x>ortion of the rim 
not already formed by the sweeped ends of the arm cores. 
These intervals may be filled up either by distinct cores, in- 
volving a box, or by a sweep, against which the moulder will 
ram green sand, similar to the one used for mending up the 
outer sand, but cut in the opposite way, viz. hollow, and of 
the same radius as that of the inner part of the rim. 

Then there remains the top of the mould. This is struck by 
a boards and generally in loam — sometimes, however, in gre^n 
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sand, viz. ordinary moulding sand. If in loam, it is struck 
on a circular cast-iron plate, roughened over as usual to hold 
the loam ; if in green sand, a top-paxt box will be used. If 
the cores are deeper than the rim, as in Figs. 83, 89, the 
board will be shoiJdered as in the bottom. This completes the 
wheel as far as ihe pattern-maker's work is concerned* 

G 
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But in wheels numing atliigli Bpeeds, and especially in 
wheels badly proportioned, people have learned to distrust 
cast-iron, and though the massiye rim is retained, it is in 
many cases consider^ preferable to make the aims of wrought- 
iron. In wheels made entirely of cast-iron the disproportion 
often existing between the hea^y rim and the oomparatively 
slight arms sets up initial strains within the castinc^ at the time 
of cooling, which become a perpetual source of insecurity. 
Hence reason and expeii^ice have decided against the use of 
such wheels for qulc^-ninning and heavy machinery, and in 
favour of those with wvought-iron anns. The strength of 
these wrought-iron arms also nmst bear a proper relation to 
the momentum of the whael, else they will twist off dose to the 
boss, as I have seen in more than one instance. 

To make such a wheel, quite a different mode of procedure 
must be adopted from that just described. In the first place 




Fig.90. 

we shall make the rim in another way, though still without a 
complete pattern. We shall have no board, but a sweep of 
exactiy the same section as the wheel rim, and a foot or two 

„ufA?lL^A ttL. loz^^^ (according to the size of the wheel) than 
^^^M g p ^ the sixth part of its circumference (Fig. 90). 
^^^r^^ Exactiy one-sixth part of the inner circumf er- 

ence of the wheel ( = its radius) will be marked 
^* **• on the inner edge of the sweep, and on the cen- 
tres BO marked prints and half bosses for the reception of the 
arms will be fastened (Figs. 90, 91). 

Then the sweep, with its bosses and prints, is rammed up 
in sand level with its top face, and withdrawn. It is then 
carried round exactiy one-sixth of its circumference, and 
its right-hand print and boss is dropped into the impres- 
sion just made by its left-hand print and boss. There the 
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sweep is again rammed up, to be again withdrawn and 
removed, until the ring, with its six bosses and six prints, is 
completed. The reason why prints are used is obvious on a 
moment's consideration. The wheel being moulded in seg- 
ments renders it impossible to ram up a top part in place, as 
in the case of a pattern, and, as a consequence, the only pos- 
sible way of making the top half of the boss is by a core. 

This core-box will consist of a rectang^ular frame, having 
one side sweeped to the inner curve of the rim, and a bottom 
board, on which wiU be fastened the half boss and print 

(Fig. 92, enlarged for distinctness). . ., ^ 

These must be exactly in the centre of — f^ — - i , i --m-uJ 
the box, and of exactly the same shape 
and size as those which are fastened 
on the rectangular print ; otherwise 
there will be overlapping of joints in 
the casting. In fact, it is usual to joint *^' **' 

the two boss halves and turn them together ; then, taking 
them apart, use one for the core-box, the other for the pat- 
tern. The print in the boss is of the same diameter as the 
wrought-iron anns, and that part of the ann which enters the 
boss is jagged or notched, in order that the cast-iron may 
embrace it the more securely. 

The mould for the rim having been completed, the arms 
are laid in the prints ready for their reception, the rectangular 
cores are laid over their ends (each in its print), and the 
entire ring is covered with a flat surface of loam or green 
sand. The rim is then cast and allowed to cool. When cool, 
but not quite eold, the boss will be cast on the opposite or 
central ends of the arms, which also will be jagged to pre- 
vent possible loosening. 

The reason why the boss is cast on after the ring has cooled 
is that the contraction of the ring in cooling is so largely in 
excess of that of the boss, that the rigidity of the latter, 
supposing it were cast at the same time with the ring, by pre- 
venting me arms from coming inwards, would inf aUiby either 
bend i£e arms or fracture the rim. Hence the boss is always 
cast when the rim has nearly, but not quite, done contracting, 
there being, of course, a slight amount of shrinkage on the 
boss. 

A complete pattern boss is wanted, jointed in the centre of 
the arm bosses in a direction parallel with the plane of the 
wheeL The boss mould also is made in halves^ and usually 
dried. 
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STRAP PULLEYS— METAL PATTERNS. 

Curving of Pulley Arms. — Necessity of due Proportioning of Parts.— 
Rim. — Arms. — ^Boss. — ^Wood Patterns. — Ixon Patterns: (I.) Madi 
by Board and Core-box; (II.) By Sweep and Arm; (III.) By Ring 
and Set of Arms — Split Pulleys. — Metal Patterns. — ^Why used. — 
Their Preparation.— Range of their Utility. 

The arms of pulleys, or of riggers (Fig. 93) as they are 
sometimes called, are usually euryed, except in the case of 
those of very small diameter. This curvmg is considered 
essential in these light castings, lest the shrinkage of the boss, 
which remains hot longest after casting, should tear the too 
rigid arms asunder, either in the mould or at some subsequent 
period. Straight arms would be unyielding, while curved 
ones are somewhat analogous in character to a bent spring. 
For the same reason also the greatest care is necessary in 
properly proportioning the metal in the different parts — the 
DOSS, arms, and rim. To reduce the metal in the boss is the 
creat essential. A heavy boss will infallibly break either the 
Ln or the rim. If tlie ^ is veiy rigid thi arm wiU break, 
while if the arm be too strong the rim wiU break. In either 
case the mischief is due to the internal tension or stress set up 
through the contraction of the boss continuing after the rim 
and arms have cooled down and set. Hence, let the pulley be 
so proportioned that the boss shall contract very little after 
the other parts have cooled — so little that the moidder can 
counteract that small excess by opening the mould around it 
and allowing it to cool while the rim and arms still remain 
covered. Make the boss as light as possible consistently 
with safe working, and give the necessary strength for keying 
by adding a keyway boss (Fig. 93, a). 

In proportioning pulleys, let the rim be from -fy inch thick 
in small riggers to J inch or iV inch in large ones, when turned. 
For pulleys running at a high speed give i inch or A inch 
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rounding per foot width of surface ; for those running at slow 
speeds, say, f inch of rounding per foot. This rounding must 
be omitted in the pattern, except where it happens to be parted 
in the centre, care being taken, however, to allow sufficient 
thickness of rim to permit of the casting being turned to this 
extent in the machine shop. 
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"Far the curves of the pulley arms set rules could be given ; 
but for my part I prefer simply to line out roughly with a 
pencil an arm which has a graceful appearance, and then 
adapt radii to it. In giving to the arms their cross seetiom a 
trained eye is almost or quite as safe as rules ; but in the ab« 
sence of experience the following rule gives correct results for 
pulleys doing ordinary work : — 



where 



» X 8 

b = breadth of arm at point, 
d = diam. of pulley in inches, 
w = breadth of rim in inches, 
n = number of arms. 
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Thus a pulley 4 feet in diameter by 9 inches wide, haying 
six arms, would have an arm 2 inches wide at Ihe point. 
Near the boss the arm should be one-third wider than it is at 
the rim. Its section should be elliptical, and its thickness equal 
to half its width. If made thinner, the strength must be made 
up by cross ribs running down its centre (Fig 94). 

The thickness of metal aroimd the hole or e^e is variable, 
depending upon the size of the shaft and the diameter of the 

"ngger. A rigger on a small shaft 
will require less metal than the 
same rigger on a large shaft, be- 
cause the torsional strain is less in 
the former case than in the latter. 
A large rigger will require more 
metal than a small one, because 
both torsional and centrifugal 
force will be greater in the case of 
the large than of the small one. 
' ' Up to 2 inches or 3 inches in bore 

the boss is generally made twice 
the diameter of the shaft ; over 2 inches or 3 inches a less 
ratio obtains. Practical men usually judge by the eye in 
proportioning a boss. A formula which gives a good boss 
IS this: — 

B + d + 5 = t 
Where D = diam. of pulley in feet, 
d =: diam. of shaft in inches, 
t = thickness in metal in boss in eighths of an inch. 
The length of boss may be two-thirds the breadth of pulley, 
except in &e case of fast-and- loose pulleys, where they should 
be a trifle longer than the breadth of rim, \ inch or there- 
about. The keyway boss should be as thick as the depth of 
keyway, and embrace one-sixth of the circumference of the 
main boss. 

Small strap puUeys are sometimes made from a complete 
pattern of hard wood, in which the rim is built up in segpnents, 
and the arms let in when the building-up process has reached 
to the centre. Owing, however, to me extreme lightness of 
these pulleys, wooden patterns are too flimsy and fragile for 
those of larger diameter or those intended for repeated use. 
Hence in usual practice we discard wooden patterns, and 
resort to as many as three other different methods of making 
pulley casting. The first and least commendable method is 
that described in connection with the flywheel with cast-iron 



8TILAP PUIiEYB — KETAI. PATTERNS. 87 

anns in. the previous chapter, viz. tKat in whioh a board and 
Gora-box is nsed. Except for a mak^juft and temporaiy job 
this is not to be recoimaended, not eren for lai^ pulleys, much 
leas for those of moderate size. An iron pattern is far pefer- 
able, and is essential where there is a repetition of castings. 

The iron pattern itself will he made either from a rough 
wooden pattern, just strong enoagh to hold together for the one 
moidding, or from a previously existing casting, or it may be 
Btruck up. If deep, it ought to be jointed in the centre of 
the arms, to afford better facilities for moulding (Fig. 93, 
section). An iron pattern in halves can be made very readily 
thus : a sweep, half the total depth of the rim, can be worked 
round to form the ring, and a single arin and boss, jointed 
down its centre, can be rammed up s*^ successive times to 
form the six arms of the pulley. Two separate halves can 
be made in this manner, and be jointed afterwards to form 
a complete pattern. A pattern thus made must bo dowelled, 
turned, and filed in the fitting-shop, and then vamiehed or 
beeswaxed, warm, before it is ready for the foundry. This is 
somewhat costly, but the first expense over it is, accidents ex- 
cepted, imperishable, and free from the defects to which wooden 
patterns are liable, as warping, shrinking, and such like. 

A third method is to have an iron pattern still, but in a 
modified fashion. There will be an iron ring (Fig. 95) repre- 



senting flie pulley rim, tamed indde and outdde, but wide 
enough to embrace the widest pulley that may reasonably be 
expected to occur — say 12 inches to 19 inches. This will be 
made from a sweep in the first place. Also a complete set of 
arms distinct from the rim, with a hole in their centre for 
the reception of separate bosses of any required dismeter 
(Fig. 96). The advuitage of this latter method is that 
pulleys may be made ofif such a pattern of different widths, 
and with bosses varying in size to suit different-sized shafts. 
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These, of oourse, are ezpexudye, but are everlastrng, and 
extremely convenient for making pulleys of variable -widths 
and bores. The inconvenience caused by the absence of a 
joint is got over by the moulder thus : He does not ram up 
the top box over the rim and anns, as in an ordinary pattern; 




but using the rim and arms as a eore-hox, mates and Ufts away 
two cores, top and bottom, to be replaced after the outside of 

the rim is rammed up. The 
necessary depth of rim is 

fiven by a strickle working 
own from the top edge of 
the rim. 

Pulleys are often split for 
the same reasons that cog- 
wheels are split, when tttey 
are to occupy some interme- 
diate portion of a shaft (Fig. 
97). The same process is 
j^ 97 adopted as in cogwheels 

(Chapter VH., p. 47), blocks 
and prints and splitting plate pattern being required. Gl?he 
curving of the arms gives a rather unsighdy appearance to 
the lugs on the boss, but it cannot be avoided, and is a 
matter of no real consequence. 

Metal Fattems. — ^A few remarks on these, suggested by 
the subject now discussed, mayfitly dose this chapter. Patterns 
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areveiy often made of metal. They are so made when, from the 
flimsy character of the work, a wood pattern would get out of 
shape or become broken to pieces, or where the number of cast- 
ings required is so great that a wooden pattern would not last 
long enough to momd the total quantity. In the former cate- 
gory may be classed all kinds of light and ornamental work ; 
in me latter, ahnost anything of moderate weight. 

If we make a pattern of wood from which to mould a metal 
pattern, we do not bestow anything like that amount of labour 
upon it which we should devote to one for standard use. We 
ahouldneither build it up with a view to strength and durability, 
nor should we finish it so neatly. It will be made so that it 
might be moulded once, after which it is useless. But we bestow 
all our care on the metal pattern. We should tiim it where 
circular, and plane, or file, or grind portions which could not 
be turned. H made of brass, notlung further is requisite ; 
but if of iron it must be coated with some preservative against 
rust. Warm the metal and rub it over with a rag dipped in 
melted beeswax. This forms a glossy skin, and allows the 
metal to leave the sand readily ; or varnishing with shellac 
varnish also answers very well. But to insure the adhe- 
rence of the yamish on b^ght work it ia necessairy to rust 
the metal first. Wet it with a solution of salammoniac, allow 
it to dry, then glasspaper and varnish. 

In making a wood pattern for a metal one double contrac- 
tion must be allowed, since there will be the contraction of 
the metal pattern itself besides that of the casting to be 
allowed for. 

The use of metal for patterns is not, however, restricted to 
iron and brass. Sometimes we want a curved casting, and 
various reasons would concur to render the working of wood 
patterns imadvisable — ^the attendant expense, the weakness of 
cross grain, the difficulty of marking out, and such like. Then 
we make a straight wooden pattern, cast it in lead, and bend 
it to shape afterwards. From this a more rigid iron pattern 
can be made if required. 

Lastly, wood patterns will often have metal parts. Thus 
the bearing faces for the shoulders of brasses when skewered 
on are usually made in metal, since in wood they would become 
broken in consequence of their fragility. The letters for name- 
plates also are cast in metal and fastened to a wood plate, and 
we shall find as we go along many cases in which the pat- 
tern-maker resorts to the use of metal as being preferable to 
that of wood. 



CHAPTEB XIV. 

MISCELLANEOUS ENGINE WORK. 
Eccentric SheaT«9. — Straps. — Slide-TalTet.''-Oiiides. — Cross-heads. 

BsTom) the cylinder pattern, the pattern of its bed, and the 
flywheel, there is nothing in engine work difficult or intricate 
from the pattern-maker's point of view. Hence we shall run 
rapidly through the only items that call for remark in con- 
nection with an ordinary engine, comprising them in the 
compass of a single chapter. 

Double eccentnc sheaves, forward and backward, are cast 
together. The pattern itself consists simply of two plain discs 
dowelled together, liie grooves being turned out in the casting. 
But the dowelling toge&er of the discs requires care. Proceed 
thus: — Say we have an engine with t-inch lap, t>r-load, and 
2i-inches throw of sheave. Strike a circle 2^ inches dia- 
meter on the centre of the crank shaft, and draw a line 
through its centre (Fig. 98). At a distance away from this 
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Fig. 99. 



line = ^j- = lap and lead, and parallel with it draw another 
line. The two points where this second line cuts the 2^-inah 
circle will be the centres of the two sheaves, forward aud back* 
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ward respectively. Strike the circles representing their dia- 
meters ; lay one disc upon the drawing on its proper cirde, 
and dowel the other upon it perpendicularly over its circle, 
adjusting it with set square. Put the print for the shaft-hole 
on the pattern for one pair of sheaves first, say the right hand. 
Cast one oS, then remove the print to the other cenixe for the 
left-hand pair. 

As small eccentric straps (Fig. 99) are usually made in 
gunmetal, the grooves in many instances are cut out in the 
pattern. The neatest way to get out the inside of the strap 
with its ^ooves is to turn it ; but as an allowance for facing 
is given m the joint, which makes the pattern t*5- inch more 
than a half circle, the straps are turned a half at a time, a 
false block being screwed on the face plate to complete iJie 
circle — ^its face standing -^ inch back from the centre line — 
while the two half straps are being turned 'in succession. 
The outside portion, with its lugs for bolting together, is 
worked by hand, away from the lathe. The lug or facing 
for eccentnc-rod, and the oil-cup boss (not shown) are put 
on separately. Straps are moulded at pleasure either on 
their sides or edges, the latter giving, as a rule, the deane&t 
metal. 

Slide-valves of the D-shaped type are those most commonly 
used. Ordinary valves are too simple to cause any trouble 
to the pattern-maker, accuracy being the important condition. 
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rhe usual D-diaped valve, as the type of the dass, is the only 
one therefore that calls for spedsd notice. A glance at the 
sketch (Fig. 100) will indicate the way in which it is made. 
The block (Fig. 100, a) forming the inner portion of the valve 
is planed to width, and marked out and worked through with 
gouge and chisel. The sides, b, b, are also worked to shape 
and then fastened to the block. The piece, c, for the reception 
of the valve-rod head is fastened in place, and a print for the 
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nut core bradded on. An allowanoe of ^ incli is made on l^e 
face D for planing, and the same at ends, e, e, f oi accurate cut- 
off ; a similar allowance also at sides, f, f for dose fitting into 
the steam-chest. 

A D-yalye, like Fig. 101, is made in a similar way, except 
that, after ^e D shape is worked, a half-round piece, a, is 
glued within, and when dry the recess, by for the valve-rod is 
worked on the outside, the pieces, e, e, being fitted and glued 
round the curve to form the flat edges and ends of the 
groove. 

A valve, like Fig. 102, is made in three pieces, as in the 
first instance, or cut out of a solid piece of stuff ; but the out- 
side, instead of being worked half-round, is 
partly turned and partly dressed off by hand. 
Allowance for turning is made also where 
^ sectTon^"^ the eye of the valve-rod slips over. 

An ordinary steam-chest calls for no spe- 
cial remark, and of a double-flanged one it 
END view £g sufficient to note that the bottom flange 
must be left loose from the body. Patterns 
I also for plain, flat guide-bars are made just 
like their castings, so we say nothing about 
them. Instead, however, of the old guide- 
• A^^i-r.iniMAi bars, circular guides, bored to receive a cir- 
SECTION cular cross-head, are commg mto common 
Fig. 102. luie. They are cast in a piece with the 

cylinder cover, have a massive appearance, 
require little fitting, and owing to the large extent of surface 
over which the friction of the cross-head is distributed, wear 
for a very long time. 

The pattern is made in halves, jointed longitudinally (Fig 
103), and has a print at each end. The open parts of the 
g^de (Fig. 103 o, o) are cut on the pattern as far inwcurd as 
the diameter which corresponds with the body core of the 
guide (Fig. 103), section, d^ d. 

For the core, a box is necessary, owing to the existence of 
the facings,^, e, for the cross-head, which will not allow of its 
being struck up. The box is dowelled in Halves, and worked 
with templets. Fig. 104 shows one half, looking into it from 
the joint. 

The cross-head, or head of the piston-rod, is of the shape 
indicated in Fig. 105, when flat guides are used, and like 
Fig. 106 when it works in a circular guide. In the former 
case the pattern would be jointed and cut out to the shape _c^ 
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the casting, the holes, if large, being cored with a parallel 
print bridging over between the sides. la the latter form 
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(Fig. 106) the inside is taken out with a core, the pattern 
moulding either on its side or on its end, and requiring no 
joint. £l either case the core-box will be jointed longitu* 
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dinally, and the holes, a, a, will be cut out in top and bottom 
boards dowelled on the box body, which boards will also carry 
the top and bottom facing bosses, b^ h. 

Graiiks, brasses, pistons and their rings, slipper blocks, 
governor castings, except when there is something special in 
uieir construction, are too simple to need description from the 
pattern-maker's point of view ; so with this chapter we dose 
our remarks on engine work and pass to other subjects. 



CHAPTER XV. 



Uodifled ProTiuoTiB for the Bec«ption of the Chain. — PatteniR. — ITods of 
Jointing.— Built-up Pattema.— Templsta. — Sheave-whoela with Cast 
Anna. — With ■Wrought-iron Amu.— Coro-boi for Bim-cone. — Oen- 
tral Bobs. — Sheave-wheels made entdrely with Cores. — Theii Boies. 
— BeceBs«d Chain-wheels. — Hope- wheeU-'-Wave- wheel*.— Froj ection 
of the " Wafe/'—Sptocket-wheela.— Wrought and Cast Fingen. 

A BHEATB-VHBBL ifl a wheel with a rim groored or toUowed 
out for the reception of a chain or rope. We take the ohain- 
wheds first in order. 

In a plain eheave the chain lies in its groore in the direc- 
tion Bhown in Fig. 107. But a chain when in motion is always 
apt to twist, and when, as in hoisting machinery, a hea^y load 
is di^Qct^y dependent from it, a sudden return to its nonnal 
position will be accompanied by a jerk, and, as a consequence, 
a considerable extra strain will be put upon it at once. Hence 
it is customary where the wheel is immediately over the load 
dependent frtnu the chain, and not merely acting as a oarriex 




Pig. lOT. Hg. loe. Fig. we. 

or support, to use, instead of a smooth sheave, one grooved 
out, so that the chain links may lie succeasive^ parallel with, 
and at right-angles to, its axis (Fig. 108). FiuHiher, in the 
differential puUey-bloek, and in all cases where the wheel has 
to draw the cluun along, the friction of the simple groove 
would not be sufficient to overcome the reHistance of the 
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load, and then the wheel is reeeBsed at regular intervals to 

receive the alternating flat links (Fig. 
109). 
v*i*l ^ese wheels, if small, will have 
plated centres (Fig. 110); if mode- 
Fig. no. rately larffe, cast-iron arms with 
transverse ribs (Fig. Ill) ; if very Large, wrought-iron arms, 
which will be usuafiy strutted (Fig. 112). 
If a whole pattern — ^that is, one not cored out round the 
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rim — ^be made for a sheave-wheel, it must be jointed in the 
centre, because the groove for the chain will have to be 
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lifted away as a middle rin^ of sand. Whether it be a 
wheel with arms, or one solid plated, the joint may be made 
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either througt the exact centre of the armB or of the plate 
(Fig. 110), or along their upper faces (Kg. Ul), the ring 
alone in the upper portion being left loose. When, however, 
the rim is cored out, both rim and arms (or plate) and circular 
print are all made fast together (Fig. 1 12, aide a). 

Sheave-wheels are need generally as standard patterns, 
therefore it is well to take especial care in their constraction. 
Glue them up in courses of segments, using thin stuff — say 
i-inch or f-inoh — and good glue. Also peg each course with 
small pe^. Never mind about the pegs coming through 
here and there. If the wheel is plated, have at least two 
courses of segments in the plate, unless it be small — say less 
than a foot in diameter, in which case a piece of very dry 
solid stuff will do. 

The wheel, when glued up, must be turned with templets 
made from the sectional drawing. Fig. 
113 shows the half-pattern in section, and 
the method of cutting the templets for its 
inner and outer portions respectively. The 
centre hole for the studs of the bosses 
will serve for rechucHng the pattern when 
one face has been turned. We prefer 
having a central stud hole for the recep- 
tion of ceparate bosses, to making the 
bosses an integral part of the pattern, 
because we can then use the pulley for 
different sized shafts by simply making ^' "^' 

fresh bosses of the required diameters. 

But if instead of a wheel with a plated centre we have one 
with 'arms, we shall make those arms as for a spur-wheel 
(Chapter III., p. 25), by locking them together and letting 
them into the rim (Fig. U 1, a, a), there gluing and bradding 
them. Bimilarly bosses and cross-ribs (s, B, b, b), having 
a slight amount of taper, will be fastened to Uiese flat ai-ms. 
Hollows may be put in or omitted at discretion. 

Next take a laxge pulley with wrought-iron arms (Fig. 
112). In some cases it will be advisable to use a complete 
lattem on account of the number of castings demanded, 
"le ring could then be made in the usual way by building 
up in two halves and jointing (Fig. 112, side marked b). 
The bosses and their prints (o) on the inside of the ring would 
be jointed also. This will answer very well where the wheel 
is of stout proportions. But if it were light in section, such 
a pattern would not bear foundry usage veiy long, and an iron 
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pattern would be advisable. But another method would b^ 
to build up a solid ring with a broad print (Fig. 112, side 
marked a), and to take out the groove with segmental cores 
— say ten or a dozen to the circle (Fig. 114, a). The 
advantage here would be that without makmg an iron pattern 
we should still have a rigid rim, not liable to become ranmied 
out of truth — a matter of importance in a wheel of any kind. 
And further, although there is the additional expense involved 
in the makine of the cores, we also save as a set-o£E against 
this ike trouble of the middle-part box, since, instead of the 
joint on top and bottom, we want one joint only at the top face 
of the print. 

The core-box will be made thus : — ^Two sides wiU be pre- 
pared (Fig. 114, B, b). Their outer edges (o, o) will be worked 
to the same radius as the outer edge of the print o, in Fig. 
112. Their inner edges — straight — ^will extend about a couple 
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of inches below the line which represents the bottom of the 
wheel groove. In these sides cut grooves (d, d) i inch deep, 
radial from the centre of the wheel, and at a distance apart 
equal to the intended lenfi;th of the segment of core ; a sixth, 
tenth, or twelfth of the circle, as the case may be. liito these 
grooves drop distcince pieces of the width necessary to keep 
the sides at their proper distance apart — that is, equal to the 
thickness of the print. Then fit a couple of blocks (e, e) 
between these sides and ends, parted longitudinally down the 
centre of the box and doweUed. Work meir edges (r) to the 
same radius as the rim of the wheel, then mark on their ends 
the rim section. Out out the groove thus marked with tem- 
plet very truly, so that when the cores are made and laid end 
to end they shall correspond neatly, and not show a lapped 
joint in the casting. When worked, replace the pieces in 
position, and screw them one to each side of the box. It only 
remams now to put on the bosses for the arms, and to make 
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the oeatral boss with its prints precisely as in the case ot a 
flywheel with wrought-iton arms (Chapter XII., p. 83). 

When the arms are strutted to give rigidity to the wheel, 
the boBsea on the rim have to he bevelled alternately in oppo- 
site directions, and the prints on the central boss bevelled in 
like manner. These latter, too, in a strutted wheel should be 
pocket prints, and not round ones ; for round prints would 
necessitate two joints in the body of the boss, coinciding with 
the centres of the prints, while with pocket prints the joint on 
the top face of the boss is alone required. 

There is yet a common way of making a large sheave- wheel 
withont a pattern at all. A glance at the sketch (Fig. 115), 
will indicate the method to which I allude. The 
light portion is the wheel rim in section — the 
dotted parts indicate two cores, one outer (a), one 
inner (b), forming outside and inside of rim re- E 
apectively. It is seen that these cores are jointed 
at B, B. Of course the joint must be a curved 
one, both cores being worked to tbe same radius. 
The outer edges of the cores (o, o) need not be 
curved at all, because they form no part of the 
wheel. CHvesufficientaand there, say two or three 
inches in the narrowest part, and some lesser amount, say 1 
inch to I^ inch, at the sides. 

To make these boxes : — First frame sides and ends together 
for each respectively. Their ends must converge to the 
-wheel centre, and must either oat through the centre of 




an arm boss or midway between two bosses. Thus, if the 
wheel have eight arais, there must be either eight or sixteen 
aatea. Assuming there are eight cores, we have a half-boss 
at each end of the inside box. The boxes must be equal to 
each other in width, which will include tiie width ot flie rim 
and of the two wnd joints (b, b, Fig. 115). TheablcH^mll 
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be fitted between these boxes, as in the last example ; those 
forming the wheel groove will be worked out by templet to the 
shape indicated in Fig. 116, and those forming the inside por- 
tion of the rim will be worked like Fig. 117.* It is not 
necessary to fasten either of these blocks m place, for if their 
flat bottom edges are planed while in position level with the 
bottom edges of their boxes, they cannot shift when being 
rammed on a level core-bench or bottom board. The half- 
boss fastened on each end of the inner box, together with its 
arm print reaching to the termination of the sand (Fig. 117)^ 
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Fig. 117. 

will complete the pattern-maker's part of the business. The 
moulder simply guided by a line struck on a level sand bed, 
lays a ring oi inner cores in place, brings the outer cores to 
abut against these by the circular joint, thrusts the wrought- 
iron arms through their prints into the bosses, rams sand 
around the outside and the inside of the cores, and then casts 
the ring. When nearly cool the boss is cast around the oppo- 
site ends of the arms, as in the flywheel alluded to- in Chapter 
Xn., p. 83. 

A sheave-wheel recessed for alternate links of a chain can 
be made by pattern or core-box. It requires almost as much 
eare in pitching out as a spur-wheel, because if there is a 
slight initial error in the pitch, that error increases with each 
successive link. Thus, when we commence to lay the chain 
in, suppose we find the recesses are ^^ inch too far apart, the 
error wiU not remain at iS inch all the way round the ring, 
but wiU be i inch in the third recess, A inch in the fourth, 
^ inch in the fifth, and so on, so that by the time we had got 
half-way round a large wheel no reasonable amount of dear- 



* Fig. 117 18 drawn to show the position of the core relativel^r to Fig. 
116, the box, of course, being turned ^e other way up for ramming. 
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ance between the links and their recesses would prevent the 
chain from riding out of place. In pattern wheels we can 
always insure accuracy by roughing out the recesses on a 
slightly larger diameter than we deem necessary ; and then, 
trying the chain in, gradually reduce the wheel imtil it 
fits neatly all round. But when a wheel is made with cores 
we have not this chance, and then we must take especial 
care in getting the exact pitch of the links first of all, and in 
transferring mat pitch to the drawing from which the core- 
box is to be made. Hence we must measure off the total 
length of a definite number of links, and divide that total 
length by the number of links measured ; this average will be 
the pitch of the chain, which we forthwith transfer to our 
drawing-board. Working thus we shall not find our wheel 
at fault after it is cast. Some clearance is allowed sideways 
and endways for the links, say -I- inch all round, and the re- 
cesses are worked out of the solid with gouge and chisel, in 
pattern and core-box alike. 

In all other respects the directions we have g^ven for the 
making of plain sheave-wheels will apply to these as well. 

A common rope-wheel is similar to a plain sheave-wheel, 
with the exception that its inner sides are inclined at a some- 
what acute angle in order to bite the rope in the bottom of the 
groove. This object is sometimes also assisted by little semi- 
circular bits, or nibs, pitched at regular intervals, and stand- 
ing a little above the groove. Be the rope-wheels large or 
small, the same methods of making the patterns wiu be 
adopted as in the previous examples. 

But there is a modification of this form which is sometimes 
used, and which is somewhat puzzling at first sight — ^I mean 
the wave- wheel form. It is a rope- wheel, in which the rim, 
instead of continuing in one circular plane, as in ordinary 
wheels, is bent or tpaved in serpentine fashion, the object 
being, of course, to increase the friction of the rope and thus 
prevent it slipping. 

This is a device which is seldom adopted* in small wheels, 
and therefore it is so seldom necessary that a complete pattern 
should be made thus that we shall only consider it as applying 
to a wheel made entirely with cores. The remarks we previ- 
ously made as to the method of procedure to be adopted in the 
preparation of the core-boxes will be applicable here until we 
arrive at the working out of the internal blocks. Then our 
difficulty will be to insure that the metal in the rim shall be 
of uniform thickness throughout. If we go working away 
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at &6 Carres at nndom, troatiiig only to the eye for accurate 
results, we shall probably find a variation of t or i inch in 
the thicknesses of different portions of the castings. 
So we work in the following way : — ^Draw in eleyation a 



segment of the wheel, eqnal in length io the intended length 

of the cores (Fig 118, a, b). Draw also lines on this view 
converging to the wheel centre from the pitdi distance of tiie 



SSUTK-VB1SL8. 103 

vare, yiz. at tlieae points where it attains ita greatest devia- 
tion irom the plane of the wheel, a », o d. Draw a portion 
of the rim with tiie intended width of the oore-boi beaidea in 
plan (Fig 1 1 9), and carry the lines repreaenting the pitch across 
it. At these points d»w sections of the rim in its extreme 
positions relattM to tht tidtt of tht boxtt (Fig 120). Between 
these extreme deviations of tiie wave draw other lines at 



pleasure (not shown on engrarag), ejecting these to ths 
plan, and drawing corresponding sectaons also In relatioo to 
the sides of the core-boxes. Then making templets to the 
inside and the outside of the rim, all we have to do is to work 
narrow portions of the rim at the distances from the edge 
indicated in the sections, and to shape the intermediate 
portions with gouge and chisel as regularly as possible. If 
this is done carefu^ there will be no appreciable difierence in 
the thickness of different portions of the wheel rim when cast. 

The last form of cham-wheel we shall describe is that 
known aa the tproeket wheel (Fig. 121). It is a form which 
ia in very general use for the transference of motiTe power 
by means ola flat link or "pitch chain." I like the chain- 
wheels, these require to be pitched out very carefully, else the 
pitch-chain would ride on the projections, or "sprockets," 
instead of dropping over them. 

These wheels are made in two forms, the £ret like the Fig. 
121, where the sprockets are made of wrought-iron and cast 
in tiie wheel body; the second like Fig 122, in which the 
sprockets are a portion of the casting. In the former case 
they are dropped into prints, whose edges are their exact 
counterparts ; m the latter, the pattern and casting are pre- 
cisely smiilar. 
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la theee castings the Ii'tiVh miut fit the places prepared for 
their reception ho nicely that it is sometimea necesaaiy in a 
large wheel to throw away the fizet oast and make a slight 
alteration in tlie pattern, a variation in the anticipated amount 
of contraction being sufficient to cause i inch or J inch of error 
in the semicircumference. The vheel might be aaTed in such 



a case by filing a lot of clearance in the sprockets ; but such a 
practice is not to be commended. The oocuiacy of a small 
caeting can be depended on. 

After what has been said about l^e building up of wheels, 
special remark is scarcely necessary in reference to these last- 
named. Kote, however, that a built-up plate made in two or 
three thicknesses or segments is better than a single solid 




piece of staff in which the sprockets are cut out, because short 
grain and shrinkage are both avoided thereby. On this plate 
the two portions of the rim are built with segments as usual. 

The prints for wrought-iroa sprockets should be pocket 
prints, to be stopped over after the sprockets are placed in 
the mould. 

In Fig. 121, A A, are llie boas thicknesses around the 
wrought-iron sprockets. 



CHAPTEE XVI. 

COLUMNS AND PIPES. 

Jointing of Colnmns and Pipes. — lAga^g up. — Turning. — The TTae of 
a Steady. — ^End Flanges. — Body Flanges. — Socket-pipes. — Putting 
Holes in Flanges. — ^Loieun-pipes. — Fitting Branches. — ^Throat Core- 
boxes. 

Make it a rule to joint all columns and pipes, whether they 
be large or smaU. Jointing the pattern prevents the tearing 
away of the upper half of the mould, and the joint forms a 
convenient basis for the marking of centre and parallel lines, 
the setting square of blocks, facings, flanges, bosses, &c. 
Pipes and columns up to 7 or 8 inones in diameter will be 
made of soHd stuff; if they exceed those dimensions they 
should be ** lagged up" (Kg. 68, p. 61). The transverse 
blocks or bars upon which the lagging is to be laid may be 
about 12 inches or 15 inches apart, so that in a long pipe or 
column there may be as many as a dozen of transverse blocks, 
and each bar should have a dowel in the centre. The number 
of pieces of lagging which form the circle will vary with the 
diameter of the pipe or column. An 8-inch pipe may have 
eight strips to the circle, while a coluGtnn of 16 inches or 18 
inches diameter may have a dozen. Fit the strips and glue 
successively in the manner described when treating of engine 
cylinders,* the only difference being that a long joint is not 
made to fit dose so readily as a short one, and may require to 
be chalked and tried in place repeatedly before a fit is 
obtained. When built up, secure the two halves of the 
pattern with centre-plates (Fig. 212, p. 160), and put into 
the lathe. If the pipe be long, staple the joint at intervals 
before attempting to turn. Do not turn any one portion to 
finished sizes immediately, but rough the whole pipe down 
from end to end first. If other work can be prepared in the 

♦ Chapter IX., p. 60, 
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intarral, it is even better to let it remain tb.iu roughed down 
for a tew hours before finiwliing tlian to finigh at onc6. Tbe 
reason ie, that all timber, whether wall seasoned or not, has a 
tendency to Bprm^, and will in most oases buckle more or 
lees out of its original shape when newly -cut graia is exposed 
to the air. For this reason a careful workman, when begin- 
ning a lengthy job, always "gets out" as much stuff as he can 
Bee his way ofear to prepare, and "jacks" it all over before 
planing or turning any one portion to its finished dimensions. 
If the column or pipe be of small diameter relatdrely to 
its length, it will vibrate or "wobble," to use a workman's 
term, in the lathe, bo that to turn it true will be impoBsible. 
Make a steady, shaped roughly to fit the bed of the lathe 
and to take the diameter of the pipe. The sketob, Fig. 123, 
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shows the beet way to make a steady. By means of the 
sliding blocks, a, a, replaceable at pleasure with blocks of any 
other dimensions within the limits of the Vee'd portion of 
the steadv, we can make it a standard tool lot pipes of 
various dimenuons. Wedge-shaped cottars, v, b, passing 
through the shank, will hold it firmly in position on the bed. 
A lubricant must be applied where the pipe runs in the 
steady, else much heat will be developed, and an ezceesiTe 
amount of friction be set up. Soft soap, or soft soap mixed 
with blacklead, are good lubricants. 
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It will facilitate the operation of turning if , in a long pipe, 
after haying reduced the two ends to the required diameter, 
we plane a straight flat along the pipe from one of the finished 
ends to the other. We can then see at a glance, when work- 
ing at any portion of the pipe, whether we are nearly or 
quite down to the size, without haying recourse to calipers 
and straightedge continually. 

Flanges, round, square, or of other shapes, socketed or 
spigoted ends, belts, mouldings, &c., will be required for pipes 
and columns. If the pipe is to be flanged, the flanges willbe 
made distinct from the body of the pattern. A flange will be 
m.ade in halves, dowelled together ; and where it is put on at 
the end of a pipe, the hole must be made of such a size that it 
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Fig. 124. 

shall drop into a ^oove somewhat smaller in diameter than 
the print, to keep it steady. If the print at the end of the 
pipe is, say, 4 inches, the groove may be 3 it inches in dia- 
meter (Fig. 124). The stuff should be got out thicker than 
the actual thickness of the flange, to allow of a small radius 
or hollow being turned out at me back. If the casting is to 
be faced, i inch must be added to the 
thickness on the front side of the flange 
on that account. If the flange is to go 
on some part of the pipe intermediate 
from the ends, it is usual to turn it as 
a * ' body flange " — viz. a flange having 
a hole of the same diameter as the outside of the pipe, Fig. 125. 
The flange can then be slid along and screwed to any desired 
position, and the casting can be ** stopped off "♦ to the corre- 
sponding length. In body flanges the hollow on the back is 
usually omitted, being left for the moulder to rub in sand. 

• Chapter XXI., p. 150. 



u^K\ 



Pig. 185. 



108 



PATTEBN-MAKINO. 



For socket and spigot pipes, or faucet and spigot, as they 
are also called, the pattern may have blocks glued upon it 
just where the socket is required, large enough to bring it up 
to the proper size, and long enough to include the socket 
print, wiiic^, of course, will be larger than the outside of the 
pipe by the necessary allowance for ''caulking.'' This 
metJiod of blocking up the pattern with a permanent socket, 
though proper enough for standard work, would be absurd in 
a jo'm)ing shop where pipes of all lengths and of both kinds — 

flange and socket — ^are made 
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from a single 9-f eet leng^ of 
pattern. We must have the 
socket, like the body flange, a 
thing quite distinct from the 
pattern, to be screwed on any- 
where or removed at pleasure. 
The most convenient form is an 
iron pattern socket in halves, 
fitting over the body of the 
pipe, and cast very thin to 
reduce its weight. A sins^le 
screw run in from the top holds 
it in position (Fig. 126) ; dotted 
lines indicate how the socket is lightened out.* For the spigot 
a bead of lead may be cast, bent round, and tacked to the 
pattern, or, if for permanent use, it may be turned out of the 
solid. 

When round or square holes are cast in flanges, they should 
be put in by templet ; in this case a piece of min wood cut to 
the shape of a hcdf flange and having slot holes cut out, the 
termination of those holes giving size and position of cores. 




Fig. 196. 





Fig. 127. 



Fig. las 



The cores, rubbed to the thickness of flanges, are thrust into 
position by the templet, and the slight friction of their faces 
against the faces of the mould is sufficient to retain them in 
place during the inflow of the metal. Fig. 1 27 shows a templet 
flange for round. Fig. 128, one for square holes. 

* For proportions of sockets and flanges, see Appendix, p. 257* 
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Pipe patterns from wMcli a large number of castings are 
required are always made in wood or (where the quantity 
is very large) in iron. Yet we sometimes have pipes of a 
large size to make where the number of castings is not suffi- 
cient to pay for the cost of a pattern. In that case we make 
a loam pattern. That is a different thing from a loam mould 
In the latter case our boards are made to strike the actual 
mould (Chap. X.). In the former, the boards strike up the 
pattern from which the mould is to be made. The flanges 
will not be struck up, but made in wood, imless, indeed, 
they happen to project but a short distance from the pipe 
body. Mouldings and sockets, however, will be struck as 
part of the loam pattern. The annexed flg^es (129) will 
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Fig. 129. 

sufficiently illustrate the way in which a loam pattern and its 
core are struck up, without verbal explanation. We shall 
return to the subject of loam patterns again in connection 
with some more elaborate forms of work. See Chap. XXI., 
p. 145. 

Branch pipes, fitted to a main piece of pipe, might have 
their ends struck out geometrically ; but we can always, or 
almost always^ chalk the main pipe and cut the branch to a fit 
in less time than would be occupied in striking the necessary 
lines. Where branch and pipe, however, are of the same 
diameter, there*is a ready and simple method of insuring a 
fit at once. Having marked in the joint of the branch me 
line where it is intended to abut the edge of the pipe (Fig. 
130), on this, as abase line, construct a triangle, whose sides 
shall be inclined towards it at an angle of 45°, meeting con- 
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sequently and f onning the apex at the centre line of the pipe. 
Cut to these lines at li^^ angles with the joint (Fig. 131). 

•«^ wliere the cut faces intersect the 

1^ oircumf erence of the branch, a curve 

^ will result, which, if worked to, 

will insure the required fit without 

further trouble (Fig. 132). 

Fig. 133 shows a tee pipe, or tee 
piece, made in the usual way, i^ith 
y^ a wide throat at the point of junc- 
tion, for the purpose of allowing 
freedom of water way, and diminish- 
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T ing fidction. Here a special core-box 



(Fig. 134^ is advisable, to get the 
throat of the shape corresponding 
with the pipe. The core for the 
-, pip^ being plain and circular, can 

Hg..iao,i8i,iw. j^^ g^jj^^ ^p separately, and the 

branch core abutted against it in the mould. These throat 




Fig. 188. 




Fig. 184. 



core-boxes are made for various sized. pipes, and kept in the 
pattern stores ready for use. 
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MISCELLANEOUS PIPE-WORK. 

Turning Quick Bends in the Lathe. — ^Working Flat Bends. — ^DovetaiKng 
Bends. — S'P^P^i^* — Striking up in Loam. — Guide-line. — Guide-iron. 
— Strickles. — Sockets. — Pipes of Irregular Shape. 

Common pattern bends of uniform section can be very con- 
veniently turned in the lathe if we want two bends of the 
same size. Jointing four pieces together at angles of 90^ and 
screwing them on iSie faceplate, we can turn the semicircular 
section with a templet in far less time than would be occupied 
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Figr.ias. 



with gouge and chisel and spokeshave, and with more accu- 
rate results (Fig. 135). Eemoving the four half patterns 
from the faceplate, we dowel them two and two together, 
forming two bends. 

If the pattern is of a flat curve, as in the common ** eighth " 
and *' quarter " bends of the pipe-makers (Fig. 136), or if it 
is a '^reducing " bend, viz. a bend tapering from a larger to 
a smaller bore, the use of the lathe is out of the question. 
In these cases we joint truly together two pieces of wood large 
enough to take the outline of tne bend, each piece being thick 
enough to take half the diameter of the bend. Wo dowel 
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them together, and on the joint face of one mark the outline 
we reqiure. Gutting to these lines we obtain the longitudinal 
form, and working with gouge, chisel, and spokeshave, g^ded 
by a semicircular templet, we get the transverse section. We 
mark the outline of the second half from the one just worked, 




Vig.ise. 

and cut that in turn with the half templet. Socket, bead, 
and prints are put on afterwards. 

Some workmen have a way of cutting a bend, which, 
though slow, is safe, because there is no risk of undercutting, 
as there is sometimes where the roughing down is done reck- 
lessly before a templet can be tried on. It is to work the 
stuff, first of all rectangular in section (Fig. 137); gradually 
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Fig. 1S8. 



Fig. 189. 



into a polygonal form until a nearly circular section is 
attained (Figs. 138, 139). The last remaining angularities 
being taken off with a spokeshave, a practically true circle is 
the residt, which will not show wavy lines in the longitudinal 
direction. This is certainly the better method to adopt with a 
reducing bend, in which the diameter is constantly varying. 

When the pattern is to form the elbow of a bend pipe 
(Fig. 140), it is necessary to attach the straight pieces of pipe 
each to their proper end of the curved portion. This we &hall 
effect by means of a double dovetail, which is to be let into 
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each of the portions of pipe which abut against one another 
(Fig. 141). 

Sometimes pipes are made of very awkward shapes, to 
ourre round parts of machinery, buildings^ other pipes, &c. 
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Fig. 140. 
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There may be two or three different bondings of the pipe not 
aU in the same plane, and the flanges may have their faces at 
angles other than right-angles relatively to the axes of the 
pipe. The pipe-makers supply bends and S-pipes of various 
shapes, by which the desired shape can often be pieced up ; 
but where space is limited, or where a graceful outline is 
wanted, we make a pattern ; and this opens up the question 
of loam work. In mese and many other cases we want but 
one casting, and if the pipe is of large or even of but mode- 
rate dimensions, the pattern would cost a great deal more 
than the casting itseU. Then the question of wood versus 
loam becomes one for our consideration. In large castings 
the answer must be in favour 
of loam in almost every case, 
and in small castings also it 
will usually be cheaper to 
strike up the pattern in loam. 
But in those awkward-shaped 
pipes, such as Fig. 142, where 
the bends are not in the same 
plane, it costs less to knock 
out a rough unjointed pattern 
in wood than to strike it up 'Lt 
in the foundry. Yet even in 
a case like this, if the casting were large, say over 6 inches 
in diameter, loam would be the cheaper. 

I 
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There are a number of " wrinkles " in the striking np of 
pipes in their yarious forms, so that a lad who had served his 
apprenticeship in a shop where no pipe-work was done would 
be '' all at sea" on getting a start in a jobbing shop where 
pipes formed a part of the trade. So, taking the process up 
at the beginning, I will try to make the matter so clear that a 
pattern-maker who had never seen a plain loam pipe made 
should be able to prepare his work correctly. In pattern- 
making it frequently happens that, though the parts which 
the workman has to prepare for the moulder's use are few 
aifd simple in form, they involve more technical knowledge 
than work of more pretentious appearance. This is especially 




Tig. 143. 

the case in loam work. The parts which the loam moulder 
requires are few and simple, and, like many other things, 
they are easily made— when one knows the way. 

Let us commence upon the drawing. Fig. 143 represents 
the board, upon which we have drawn a 6-inch S-pipe in 
longitudinal section. Observe that there is a line drawn 
parallel with one side of the pipe, and at a distance of f inch 
away from its edge. This is the *' guide-line." We mention 
i inch, not because that dimension is of any importance — it 
might just as well have been J inch or 1 J inch — ^but the 
better to illustrate our explanation. By this Hne the foundry- 
smith bends a piece of i^-inch or f -inch square rod, which 
becomes, as we shall see immediately, the '* guide-iron " (Fig. 
144") for the *' strickles." The strickles are the templets used 
for striking the transverse sections of the pipe in loam, and 
they have their edges cut in such a way that each strickle is 
maintained at its own proper distance from the guide-iron 
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during the process of striking. Thus, the guide-iron being 
J inch awiay from the body, the body strickle (Fig. 146) wiU 
be notched up |-inch from one edge of its 7-inch semicircle. 



Hg. 144. 

But the metal in the pipe being ^ inch thick, the core strickle 
(Fig. 146) will be J inch + J inch = 1 J inch wide at the 
shoulder. The edge of the strickle is chamfered like that of a 
loam board (Fig. 147). These strickles are used thus : — The 
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Fig. 147. 



fi^de-iron is laid upon a plate on the foundry carriage, and 
kept in position by sundry weights resting against it. Then 
the ** check," as it is called, of the core strickle (Fig. 146) is 
set against the guide-iron, and a semicircular body of loam is 
stru(4 up (Figs. 148), following, of course, the contour of 
the guide-iron. The iron is then turned over and fixed again 
in a new position, and a similar half-core struck up, but the 
reverse hand to the first. These are run into the stove and 
dried. When dry, the pattern strickle is set against the guide- 
iron, and a thickness of loam struck over each half -core in 
turn. This also is dried ; then both halves are detached from 
the plate, turned over joint to joint, and the rough pattern is 
complete (Fig. 149). A little touching up of the joints and a 
ooat of tar will make it fit for the mould. After having been 
moulded, the thickness of loam representing the ^ inch metal 
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vill be stripped 08, and tlie core placed in tlie mould for 
casting. 

If a flange is reqoired for a loam-pipe, the hole in the 
flange will Se of the same size as the core, and the body thick- 



nesa of loam will be shoaldered back to afford steadinees to it. 
Obviously, a socket end would not be formed with stricklee very 
I readily, on account of the dreas~ 
ing off necessaiy where one 
diameter blends with another. 
Hence sockets are in moat cases 
struck separately in the same 
^joiKT way that a straight piece of pipe 
would be, but on a body of 
loam equal in diameter to that 
of the pipe for which they are 
intended, to he afterwards sawn 
-•iiiiRi- longitudinally down the centre 

'•"CKHis* and slid or threaded over the 

^B- !'*■ pipe body. They are held in 

place during moulding with nails. The socket-core is either 
treat«d in the same manner or abutted against the body core. 
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If we require pipes or hollow cctstings whose shape is not 
Bymmetrical, and which cannot, therefore, be struck on a re- 
volving bar, or continuously by means of strickles, the diffi- 
culty is first how to get the core of the proper shape, and 
then how to insure an equal thickness of metal throughout. 
Take, for illustration, a reducing pipe connecting a rectangular 
valve-box or pipe with one circular in section (Fig. 150). 
Except at the ends the section is never imif orm, so, except at 
the ends, a strickle or strickles cannot be used. In such cases 
the core body is first roughed up with a square strickle at one 
end and a round one at tiiie other, and dried, then rubbed to its 
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required shape with rasps and glasspaper* A number of 
strips are then prepared of the same thickness as the metal in 
the pipe. These are laid flat on the core in various positions, 
and their interstices are filled up with loam, which is strickled 
o£E level with their thicknesses. When the loam has set a little, 
but not baked, the strips are taken away, their vacant places 
filled up with more loam, and dried. When moulded, the 
thickness is stripped off as before, and the core placed in the 
mould. By this method castings of almost anv size and shape 
can be made with imif orm thicknesses of metal, and with much 
lass trouble to the pattern-maker than would be involved in 
making a core-box with templets. 



CHAPTER XVm. 

FLUTED AND OKNAMENTAL COLUMNS. 

Apparent Difficulty of Moulding^Nomber of Joints. — Central Founda- 
tion or Base. — Moulduigs.— flanges. — ^Working the Flutes. — Loam- 
board. — Square Core. — How attached. — lonts of Jointure. — Danger 
of Undercutting. 

These, at first sight, would appear to present insuperable 
difficulties in the way of moulding. LooHng at an architect's 
drawing, which somehow always does look more elaborate and 
enigmatical than the actual thing it represents, we wonder 
how such a complicated mass of ornamental work is to be got 
out of the mould. The pattern can be made like the drawing, 
but how to reproduce it m the casting is the difO-culty. The 
use of drawbacks would perhaps appear feasible at first ; but a 
little consideration usually reyeals practical difficulties in the 
way of their adoption, and in most cases we are reduced to 
the method of loose pieces, as being, on the whole, the least 
troublesome. 

We take, then, a fluted column like that shown in Eig. 151. 
Here we haye a square base with mouldings, above that a 
fluted portion, then moulding again ; after that a long fluted 
shaft, surmounted by an ornamental capital. It will be ob- 
served that the column inthis case varies veiy much in diameter, 
being nearly twice as large in the lower portion as in the 
upper. We must strike out the column to full size, flrst in 
longitudinal outline, indicating the thickness of metal by 
dotted lines, and then in cross sections, at a a, b b, o c, to 
show the flutes. To make the pattern, we want a steady 
foundation — not the actual pattern, but that on which the 
pattern is to be built. Upon this base the fluted portion 
will be laid in strips, which strips will be drawn in succession 
from the sand, after the base is lifted out. A glance at the 
section (Fig. 152), will make my meaning dear. Divide the 
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drcle into such a number of parts that the flutes will draw 
readil; from the sand ; thus, a strip bo wide as that ahovn in 




Vig. 153 oonld not possihlybe drawn away without tearing 
down the sand at a, a. Let um edges, therefore, of the extreme 
fluting be plenty free enough, and do not^ for the sake of 
lessening the number of joints, make the pieces so wide that 
opposite fluted edges will be undtreut in relation to each other. 
lliere will not be less than six in any circle : eight ore better, 
and in some cases twelve are desirable. We will have eight 
in this column. Divide the circle accordingly, and mark out 
an octagonal- shaped figure on each section to indicate the fiat 
backs of the loose fluted pieces, allowing sufficient stufi at the 
bottom of the flutes for strength — say f inch or ^ inch. The 
central portion — that included between these lines — will be the 
base or foundation of the pattern. This may be solid if the 
colunm is not large, and ii thoroughly dry stuff is available. 
But it is not advisable, in the case of a large pattern, to run 
the risk of its warping for the sake of saving the extra labour 
involved in jointing up ; so we lag our central partup, justas 
in the case of a pipe pattern (Chapter XVI., p. 105). This 
will contain the same number of lagging pieces as tiiere are 
to be loose strips. At the lower portion of the long flutes 
(Fig. l&l, s, b), the diameter ia larger than at the top, so that 
unless we taper the body to an equal amount, the fluting stuff 
will be thicker at the lower end than at the upper. It is of no 
consequence which course we adopt. The lower series of flutes, 
however, are twice as large in dimeter as the uppermost ones, 
and the loose pieces would be inoonveniently thick and heavy 
to handle in the mould, if made of that extra thickness. In- 
stead, therefore, of giving the extra thickness to these, prepare 
pieces of the some length, and of such a. thiokness as will re- 
duce these flutes to the same substance as the upper ones, and 
screw them on the main body (Fig. 154). 
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This part, wbidi f onns the f oundatioii for the column proper, 
shoold nave good close jointe, to insure the requisite rigidity ; 
it ahonld be as straight as possible, and each flat should be 
altogether free from winding or twist. Mark out lengths of 
flutes, positions of mouldings, and faces of flanges in the joint, 
and begin to build up. 

Turn the mouldings first, jointing them, of course, in halves, 
with the grain running transversely to the axis of the oolunm. 
Cut them out to fit over 

the angular body, or else I 

groove out the body in 
the lathe just where the 
monldings fit, and bore 
out the latter to fit in 
these grooves. Screw &e 
mouldings on from the , 
intiJs of the column, since 1 
it is desirable that they i 
should be left loosely at- 
tached to the body, to 
be withdrawn separately ^" "**■ 

trom the mould. Top and bottom flanges and square base 
will be prepared and fitted over similarly. Frequently small 
flanges are jointed diagonally, but in those 
of Targe size an inconveniently large 
moulding-box is rendered necessary; hence .. 
it is desirable to joint these latter parallel 
with their edges, and to put a little taper 
in their sides. 

Then follow the flutes. As many flats 
aa there are in the foundation body, bo 
many separate jointe will there be in the 
fluted portion. Each end of each flute 
win terminate in a hollow (Fig. 155). In 
preparing the stufl?, square the pieces off 
just to Vie commencement of the hollows 
(Fig. 155, A, a). Screw on each end the ^ 
narrow pieces, b, b, ueoessai? to compete 
the length up to the mouldings. Then 
build up the strips in the usual way j in- ^' "*■ 

Btead, however, of gluing, screw (Uhe the moulding) trom 
the inside of the pattern. Afterwards work to a circular 
ahape either in the lathe or with planes if no lathe long 
enough to take the pattern is available. Then the flutes will 
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be divided round with oranpasseei, and lined out vith etraiglit 
edge — the end make-up pieces, b, b, unscrewed, and the fiutes 
worked along with a round-plaae, after which the end pieces 
will be replaced, and their hollows worked with a firmer 
gouge and glasspapered. 

The end piiuts, a, a. (Fig. 151), are turned out of the stuff 
with which the column ia built up, or else made separately and 
ncrewed on, depeudeut on ciroumstancee. Sometimes, also, 
where columns are made in quantity, a certain portion of the 
length of the print, or an independent collar concentric with 
the print, is made to fit into a bored hole in the end of the 
moiuding-box while the pattern is being rammed up, and the 
core-bar has a collar also corresponding identically m size, by 
which a concentric position of the core relatiTe to the mould is 
guaranteed. This, of course, applies to each end. 

A round column with a square base such as ours ia has a 
square core in that base, for which a special core-box is made, 
the round core being struck on a revolving bar. Fig. 156 
Bhowsthe loam board which is used for striking the main core. 

A is the board, b represents 

( ' / ^r~ '751 — fl ^^ core, the dotted line, e, c, e, 

I //\ iC or\ Jf\ indicates the edge of tho 

I //\ I r*^— ^ ll\ y column, marked on the boaid 

^\\ , fi ^ gi'^o the moulder his thick- 

ll/V I nesses of metal for the pur- 

XlJ y pose of checking their accuracy 

jjjj ■ ■' ' ^ when in the mould. It is 

usual to stamp diameters also 

at the ends as shown. Fig. 1S7 shows the box, in the centre ol 

which a round print, a, passing through its eritne thickness, 



lorma &e hole, into which the shouldered portion of the Itmg 
core (Fig. 166, S) ia thrust (Fig. 156). 
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The f OTegoing remarbe will enable the reader to understand 
the general process of column constiuctioa ; but Uiere is, as 
ma; be supposed, mucb variation 
of detail in columns of different 
deeigne. Still, the principle re- 
mains good in ever; case, so far 
as I know, that columns are not 
made hj cores or drawbacks, but 
by koie pieces ; and the one essen- 
tial to be borne in mind by tha 
pattern-maker is, that all parts 
shall withdraw easily from the 
mould. In highly 
ornate columns the 

. ' pattern-maker is not 

, reqiured to do tho 

\ carved work ; but he 

^ has to joint the stuff 

^ in reference to the 

J design, so that there 

> sh^ be no difflcully 

^ in moulding after it 

^ leaves the carver's 
hands. 

3 But it does not f ol- 
■"B- "»- " low that a handsome 
column is di£Si]ult to make. A, 
twisted design for a shaft (Fig. 
159) does not involve any jointing 
at all, except the usual one in 
halves. Neither would an octa- 
gonal column like Fig. 160, ex- 
cepting at a, a (section), where the 
undercut portion would be fonned 
by two loose strips. Nor is it 
always desirable to joint radially 
from the centre, as in Fig. 152. Wg.ieo. 

In that case, if the flutes nad been deep, we should have 
jointed like Fig. 161, else the sides of the flutes would tear 
the sand away at a, a. When the central fixing reaching from 
i to i is lifted out, the side flutes, a, a, are drawn out parallel 
with the joints, e, c, after which the other two will follow 
easily enough. 
Another mode of jointing some kinds ol omameiitcU voik ia 
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ahown at Fig. 162 [pUo]. Note that the oentral piece of the 



pattern is eomevhat ^der at a, where the joint of >tlie mould 

I 
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comes, tlian it is at b. This is for freedom of withdrawal from 
the mould, that piece being taken out first, the side pieces 
being removed afterwards. This joint is in frequent use, is 
easy to make, and allows of the side pieces being drawn away 
at any angle, even parallel with the joint of the mould — an 
arrangement possessing great advantages over the former 
in columns highly ornamented, such as those of Corinthian 
type. 

In all columns and ornamental work generally this must be 
remembered, that no parts, however apparently insignificant, 
shall be underetit. It is more difficult to mend up work of 
this kind in the mould than any other ; therefore, every little 
recess, flute, boss, swell, leaf, scroll, and moulding must have 
its edge so cut relatively to the direction in which it is to quit 
the mould that it shall cease to drag against the sand imme- 
diately that it is started by rapping. In doing this, it is 
sometimes, though not often, necessary to sacrifice a little of 
elegant appearance to the inexorable conditions of necessity. 
The undercut edges of the carver's work have thus to be 
tapered towards the outside of the pattern. But a little of 
this fudging will often save extra jointing^, and the fewer 
joints there are in patterns of this kind the better: an 
experienced eye can always detect them in the castings. 
Looking at the swells, a, a, a, in Fig. 162, and the diamonds 
0, a, a, in Fig. 1 63, it would appear that they ought to be loosely 
wired on, and drawn out one at a time. Sut this would 
entail too much work. By fudging the carver's work, and 
tapering the edges (Figs. 164, 165), the main pattern joints 
make sufficient provision for the delivery of these. Even in 
working plain mouldings there shoiQd be no dbiolutely square 
edgesy but a slight amount of taper should be given to every 
part 



CHAPTER XIX. 

ESTIMATING WEIGHTS OF CASTINGS PEOM THEIB 

PATTERNS. 

Reducing to Feet and Inches. — Multipliers. — Sources of Error. — Spedfio 
Gravities. — Practical Example in. Calculation. — Approximate For- 
mula. — ^Bevel-wheels. — ^Mortise-wheels. — ^Pipes and Columns. — Deci- 
mals. — ^Useful Notes. 

Thb pattern-maker is often required to estimate the weight of 
a casting with more or less of accuracy, that accuracy being 
demanded either on account of the value of the metal, or by 
reason of the purpose for which the casting is intended. 
Accuracy within a hundredweight or two may be sufiBicient in 
some large castings, while in other cases, and in smaller 
castings, we may wish to be correct within a pound or two. 
Let us ^ a little into detail in this matter. 

To calculate the weight of a casting, it is necessary to ascer- 
tain the number of cubic feet, or cubic inches, it contains, and 
to convert that number into weight by a multiplier. These 
multipliers vary, of course, with me nature of the metal to be 
employed. Thus, we know that a cubic foot of cast iron 
weighs on an average 450 lbs., and a cubic inch *26d lb. These, 
then, are the multipliers by which cubic feet and cubic inches 
respectively of that metal are converted into pounds. Another 
multiplier easily remembered and commonly used is the num- 
ber of pounds contained in a square foot of iron 1 inch thick. 
Such a plate weighs 38 lbs. Gunmetal, again, would require 
another multiplier ; a cubic inch would weigh *d lb. Lead, 
steel, copper, and every other metal would appropriate its own 
multiplier. Hence the general rule is : — Ascertain first the 
nimiber of cubic inches (or feet) contained in the pattern ; 
treat this total with its appropriate multiplier : the quotient is 
the number of pounds which the casting may be expected to 
contain. 
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I use the word *' expected " designedly, for it often happens 
that a most careful calculation is rendered very wide of the 
mark through contingencies lying beyond the control of the 
pattern-maker. I have had a diJQ&cult gunmetal casting, weigh- 
ing 284 lbs., vary only 8 lbs. from the estimated weight, and an 
iron casting of 5 tons within 2 cwt. ; and I have also, on the 
other hand, been a couple of hundredweights wide of the 
mark in castings ranging between one and two tons. There 
are many causes at work to produce such discrepancies. 
There is the custom of ** rapping," which will make an appre- 
ciable difference in small work. There are different densities 
of metal, which will cause yariations in the weight of large 
castings. A mould rammed imequally — ^that is, harder and 
softer in different parts — will allow a casting to swell, and to 
come out larger in the imperfectly made parts than the pat- 
tern. A large plate will increase in thickness, and therefore 
in weight. A broken mould will not always be mended up just 
like the pattern. These and many other things go to destroy 
the accuracy of a calculation ; but we haye to take thinirs as 
fhey are, and frequently, jud^g by past experiences, wfcan 
make slight allowances for these and other contingencies, and 
thus produce, on the whole, yery reliable results. 

I spoke of the necessity for reducing to feet or inches, but 
there are other methods in f ayour with workmen. One of 
these is the method of specific grayities. The pattern is 
steadily immersed in water in a tank, the displaced water is 
allowed to oyerflow into a second vessel, and is then weighed. 
This, the weight of water displaced by the pattern, is multi- 
plied by the sp. gr. of the metal in which it is to be cast, and 
the quotient equals the weight of the casting required. Thus, 
supposing a pattern displaced 4^ lbs. of water, and that the 
sp. gr. of average cast iron be taken at 7*3, we shall get — 

4-25 X 7-3 = 31 lbs. = weight of casting. 

This is a very accurate way, presuming that a proper vessel is 
available by which no waste of oyerflow water occurs ; but as 
it needs some special apparatus, it is hardly suitable for large 
patterns, and is seldom resorted to except in those cases 
where accurate weight is of the utmost importance. 

Another and a most delusive method is to weigh the pattern 
itself, and multiply that by 16, which is supposed to represent 
the relative weights of dry yellow pine and cast iron. This 
leaves out of consideration the various densities of different 
qualities of pine, and the presence of screws, nails, or other 
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foreiga substances in the pattern. We simply mention this 
by the Tay, and pass on to illustrate the method we alluded 
to in the firat place. 

Let OB take, as a practioal example of the method of oalon- 
lating by cubic indteo, the cog-wheel in Fig'. 8, p. 16, partly 
lepioduoed here (Fig. 166), for ooavenieace of reference. This 




is a small casting, bo we must reduce to inches, feet being too 
large a factor. 

First of all then, take the rim. Its outer diameter is 2 feet 
5 inches, its thickness i inch, the average or mean diameter, 
therefore, being 2 feet 4} in<^es. To save the labour of cal- 
culation, we turn to a table of circumfereacee, and £nd that 
the oiroumferenoe of such a ring is 89 inches ; therefore, 
imagining the rim unrolled, it becomes — 

1 strip 89 in. X 3J in. X t in. = 1806 cubic inches. 

Then the teeth. Imagine all the points of the teeth, «, 
broken oS along the pitch-line and inserted between the 
roots, b. We see that a continuous ring is formed (neglecting 
the slight allowance for clearance). The mean diameter at 
this ring will then be taken, and its circumference deduced. 
At 2 feet 5^ inches average diameter, it ia — 
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1 strip 92 in. X 3^ X iV = 130 cubic inches. 

The boss in like manner may be imagined to be a simple ring 
piercing the arms, and can be reckoned thus : 

One solid cylinder 5 inches diameter x 4i long — one cylin- 
der (the hole) 2^ inches diameter x 4i long. A disc of 5 inches 
diameter by 1 inch thick will be found, on referring to a table 
of areas, to contain 19*6 cubic inches ; one 2^ inches diameter 
by 1 inch thick wiU contain 4*9 cubic inches. Subtract the 
one from the other, and multiply by 41 ; the quotient is the 
number of cubic inches in the boss. 

19-6 — 4-9 X 4i =i 60-2 cubic inches. 

The rib or flange within the rim will, at i wide, average 
2 feet Si inches in diameter. Then it wiU contain — 

85-2 X i X f = 33-3 cubic inches. 

There will be six arms extending from boss to rim, averaging 
2tV in width. Therefore we have- 
Six pieces lOf X 2tV X i in, = 97'2 cubic inches. 

Feathers or cross-ribs likewise— 

Six pieces llf X 2i X f = 109*8 cubic inches. 

Hollows add so little to the weight of a casting that they 
are generally taken no account of, or something else is set o£^ 
against them. If the weight is desired so very precisely, they 
can be reduced to triangles, and the triangles in turn to 
rectangles. 

These totals of cubic inches should now be added together, 
and multiplied by '263, which will give the weight of the 
wheel in lbs. 

Beckoning out, we find that there will be 161 lbs. weight of 
cast iron in this wheel. 

There are rules given in various books for calculating the 
weights of wheel castings by their diameter and pitch. They 
are principally useful where approximate weights are desired, 
or where wheels are made by the same rules &om which these 
formulfiB are deduced. Three such rules given by three dif- 
ferent authorities yield the following results in the wheel we 
have been considering. It contains— 
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75 teeth of li-inoh pitch, and is 3^ inches wide, and 2 leet 
6 inches diameter. 

Formula from D. K. dark, 170 lbs. 
„ „ Unwin, 171 lbs. 

„ „ Box, 168-4 lbs.* 

In a wheel w^hin^ several cwts. the difference would be 
more marked. l%e nng of a bevel-whed might appear at 
first sight to offer a difficulty in the way of oilculation, its 
diameter yarying at eyery point. But u we take average 
diameter and average thickness, it will be just the same as 
though we divided it into an infinite number of sections, 
and reckoning each separately added their totals together 
afterwards. 

The recesses in a mortise-wheel will not complicate the 
matter in the least, for after finding the number of cubic 
inches in the ring, on the assumption that it is solid through- 
out, we need then only find the number of cubic inches in 
each mortise, multiply that by the number of mortises, and 
subtract the sum total from the number of inches in the 
solid ring. 

A more intricate piece of work, such as a steam cylinder, 
with passage and perhaps jacket cores, with webs of metal of 
odd shapes, curved brackets and feet, and 4such like, should 
be divided out piecemeal on the drawing itself in order to g^t 

* They are the following :*^ 

w = ro6 + -08 p)tm + 0-10 d)^ 

d = oiameter in feet. 
p ^ pitch in inches. 
*06 ^ constant. 

W ^ weight per inch of breadtJi. 
Bevel wheels to be taken at f to i the weight of spur ones. 

HD. K. Clark, « BiUes, Tables, and Data," p. 741, edit. 1878.] 

p =z pitch. 
b ^ breadth of face. 
N ^ number of teeth. 
E =: 0*38 for spur wheels, 0*325 for bevels. 

— (Unwin, ** Machine Design," p. 302, sixth edition.) 

W= (D X P X W) + (VD X P X W) X M. 

J)z=p diameter in feet. 

P = pitch in inches. 
W = width on face in inches. 

M = 12 for spur wheels, 10 for bevels. 
W = weight in lbs. 

--(Box, « 3GU Gearing,*' p. 24.) 
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exact dimensions. Without this precaution we are likely 
to reckon some portions twice over, or to omit some parts 
altogether. In reckoning, it should be our aim to simplify 
matters as far as possible by reducing everything to circular 
or rectangular form. 

The weight of parallel pipes and columns may be obtained 
from tables, either by tables of weights for pipes of various 
thicknesses, or by a table of solid cylinders. Thus — ^tables 
are given in all engineers' books of reference of the weight of 
solid cylinders a foot long.* All we have to do, then, is to take 
the weight of a cylinder equivalent to the outer diameter of 
our pipe, and subtract from that the weight of one equal in 
diameter to the bore of the pipe. Or if such tables are not at 
hand we can get the average diameter, thence obtain the cir- 
cumference, and multiply that by the length of the pipe and 
its thickness. In a taper column we must take the average 
diameter, and reckon then as though it were paraUeLf 

If we have a column with a quantity of mouldings and 
ornamental work, where it would be impossible to stnke an 
average, we must divide into sectional lengths, calculate each 
separately, and adding their totals togeti^er, thence deduce 
the weight. 

If a casting weighs several cwts., it is inconvenient to have a 
sum total in lbs. The multiplier -009 will convert lbs. into cwts. 

In the calculation of weights I find decimals more conve- 
nient than vulgar fractions, and inches more convenient than 
feet. Thus it is easier to multiply — 

11*87 inches X 6*75 inches X 4*62 inches 

than to multiply 

11^ inches X 6f inches X 4f inches, 

and to multiply 

69-75 inches X 14*37 inches 
than 

5 feet 9f inches X 1 foot 2} inches. 

* See Table in Appendix, p. 255. 

t A correct rule for finding the weight of a lineal foot of pipe in lbs. 
is this: 

W = K(D» — <?«J. 
W = weight of a lineal foot in lbs. 
D = outside diameter of pipe in inches, 
d = inside „ „ „ 

K := a multiplier 2*45 for cast iron. 

^2*82 for brass. 
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We liaTO aasnmed that taUes of areas and curonxnf eienoea 
are always ready to hand — ^as they are in the workshop. But 
when a man is sent out to take dimensions for a casting, it some- 
times happens that an approximate weight is reqti&ed at the 
same time. It is well, tnerefore, to bear in mind l^t— 

Diameter* X *7854 = area 
Diameter X 3*14159 = circumference, 
Or, 

7 : 22 : : diameter : drcumferenoe, 

and that cubic inches divided by 4 = pounds, nearly. 

Mttltifliebs fob thb Coiocoir Metals. 

Cubic inches x '263 = lb. cast iron 

-288 =: „ steel 

•3 ^ „ brass 

*41 = „ lead 

•32 := „ copper 

•266 = „ tin. 

See also Appendix for useful and more extended tables. 



CHAPTER XX* 

ON JHE USE OP CORES AND DRAWBACKS. 

Different Methods of Moulding. — ^Valne of Experience. — Gkisholder 
Bracket. — Drawbacks. — Grid. — Travelling GFirders. — Cylinder. — 
Drawbacks. — Joints. — Lathe-bed. 

The pattern-maker is often in doubt as to the best method of 
taking out the recessed portions of a casting. Gores, draw- 
backs, dowelled and wired pieces, are the usucd means resorted 
to for th^ purpose. Sometimes aJl three methods are prac- 
ticable, sometimes only two; rare are the circumstances in 
which the workman is reduced to one plan without having the 
option of another. Broadly it may be said that castings can 
be made from patterns which are exactly like themselves. 
But in very many instances it would be very unpractical, 
unwise, and expensive to make them thus. Because a moulder 
can maike drawbacks ad tnfimttsm, and form joint over joint, 
as many as it is possible to put in the pattern, that is no 
reason why a vast amount of unnecessary labour should be 
imdertaken which could have been avoided by a little judicious 
coring out 

Tet we need not fall, on the other hand, into the error of 
taking out everything with cores in order to lessen the diffi- 
culty of moulding. For cores are expensive, requiring making 
and diying, and the core-boxes for a piece of work will very 
often entail more labour in the pattern-shop than the pattern 
itself. Looking at the drawing of an intricate piece of work 
for the fmst tmie, it is not easy to arrange everything in 
detail, and to foresee every contingency that may arise, before 
deciding how best to make the pattern. Yet there is a rough- 
and-ready kind of intuition acquired by experience, and it is 
marvellous how readily a skilled hand will unravel the diffi- 
culties of a fresh job, and decide in his mind how he will set 
about it. Taking tha various methods in suppegHsion — ^loose 
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pieces, cores, drawbacks — ^he soon perceives vluch is feasible 
and wbich is impracticable ; them irliat is easy and what 
is Dot so eas^; then, lastly, which is Rood and which is bast 
of all. So that before the man vitn less experience has 
grasped the leading features of the drawing, the other has 
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already settled in his own mind the lines upon whidi he 
intenda to work. 

But this almost nneiring kind of intuition only oomea after 
many years' habitual observation ; and also, let us add, after 
many dearly porchaaed errors, for here, as elsewhere, failurQ 
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is the stepping-stone to success. To apprentices and joung 
hands there is nothing which presents such difficulty as this 
of the best method of moulding ; and, in point of fact, it is 
seldom left to their choice. When the foreman gives out a 
job he wiU almost invariably, except in very simple work, 
give directions as to the way in which it is to mould, and even 
then a watchful supervision is necessary with the less expe- 
rienced hands. It is to help such as tifiese in the matter of 
moulding that this chapter is written* The simplest way, 
perhaps, will be to illustrate our meaning as we go along by 
examples taken from actual castings. 

T^e, for instance, a double bracket (Fig. 167), such as is 
used for carrying the g^de-wheels of a gasholder. Here is a 
casting whose pattern might be made to mould with the edge 




Fig.168. 

▲ in the bottom and the edge b in the top. Certainly the 
fillets or flanges round the edges would not allow of the pattern 
being drawn, but the sand forming the entire sides, including 
their bounding edges, could be drawn away on plates or 
** drawbacks." 

In case some of my readers should marvel respecting the 
meaning of this curiously applied term, I will explahi. Fig. 
168 represents two drawback plates laid against a pattern. 
On one side of the pattern is a long boss with ribs, on the 
other a thick bearing with its bracket. We suppose, as often 
happens, that there is not sufficient central space^to draw 
these projecting pieces into— that cores would mean more 
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work tihan the job is wortli, and that the rides are too deep to 
allow of jointmg dovn bom the top. Then we ram the sand 
around these pirticular sections of the pattern npon these 
plates, dividing the sand on each plate fnmi that on the other 
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and from the outer sand by joints of brown paper or of part- 
ing sandy and afterwards '' draw back " the plates, with their 
complement of sand, from the pattern. The pattern is then 
lifted out and the face of the mould cleaned and blacked. 




Sig. 170. 

after which the plates are brought into position again by the 
paper or sand jomts. 

Well, we could make the pattern of the guide-roller bracket 
to mould thus, but we should not care to adopt this method 
in this case. For the drawbacks wotdd be large and heavy, 
and the flanges and inner edges of the pattern being square 
would tear away the motdd, there being a vast difference be- 
tween lifting a pattern out of the mould by gently tapping, 
and tearing the sand forcibly from the pattern. We should 
And drawbacks expensive in this case. 



ON THB VSB OF OOBES AND DBAWBACKS. 



187 



But it miglit be made to mould flat side down, just as repre- 
sented in Fig. 167, plan, in which case the middle space (Fig. 
167), back elevation, would have to be taken away on a ** grid," 
of which Fig. 169 gives 
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a sketch. One side of 
the pattern would then 
be left loosely doweUed. 
to come away in the top 
box, and temporary dis- 
tance blocks would main- 
tain the sides at their 
proper width apart dur- 
ing ramming. Yet nei- 
ther would this be a 
wiser course to adopt in 
a pattern of so flimsy 
construction, though it 
would be well suited to 
a stronger piece of work. 
In this case no two cast- 
ings would come out 
al&e, but the sides would 
be winding and not pa- 
rallel with each other. 
We should, therefore, 
taking these things into 
consideration, imhesitat- 
ingly vote for a central 
core (the outline of which 
is indicated by the dotted 
line). Then our double 
bracket would mould on 
its side, as in Fig. 167, 
plan ; the core-box being 
plain (Fig. 170), would 
involve little labour, and 
the distance between the 
frames (maintained pa- 
rallel by the core-print) 
would be perfectly imi- 
form. The facing bosses, 
a, a, will either DO put, one on a bottom board, the other on a 
crossbar dowelled on the top edge, or be measured into place 
while the core is being made. Of course the top pattern frame 
would be dowelled upon the print. 
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Take next a ^rpe of oast-iron girder used at the ends of tba 
gantriee in OTerhead trftTelling oranee {Fig. 171), and whicli 
carries the flanged running wheels. Bhould we take out the 
centre in this caee with a core t The frame in this instance 
also is double, with a central space, and here analogy would 
lead one at finrt: sight to think it advisable to mould it upon its 
side, making a the bottom 
and B the top, and to take 
out the central space with ft 
""core. But no; here we should 
use neither cores nor draw- 
,. backs, for although we can- 
not leave the bottom fiangea 
loose round the edges, for 
the simple reason that owing 
to their width thev could not 
fif.in. be drawn inwards, we can 

leave the entire flange, made 
as a frame, looselj dowelled to the bottom edges, to be parted 
tKaa the rest of me pattern hj a sand joint. 8a our pattern 
irill be exactly like the casting in this case, and the trouble of 
making a plain sand joint will be far less than that of making 
prints and a core-box, and preparing the cores besides. Fig. 
172 shows the pattern in sand completely rammed up. 
Take another form of travelling girder (Fig. 173), where, 

SECTION A.A. 



ELEVATIOtI 


"^ 




S;^ 


-T^FiT 


1 PLAN 


1 "1 



instead of broad fianges, we have thin fillets, and bearings 
whose faces stand out beyond the fillets. Here we should 
leave bottom fillets and bearings loosely wired on, both inside 
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and outside. Our sides are, say, 1^ inoh thick, and otu' fillets 

1 inch. These latter vould draw into the space left by the 

pattern after its withdrawal ; but if, as we will suppose, the 

beajin^- blocks stand ont an inch beyond these, they dearly 

will not come up through li inch space. But we can get over 

the difficulty oi increased thickness in one of two ways here. 

"We could put the blocks on, 

1 inch thick, outside the fillets, 

not screwed, but wired, and 

draw them after the fillets ; car 

we can take away the middle 

aand on plates, ^ter the sides I 

of the pattern are withdrawn. 

In a shallow pattern the 

former entails least trouble ; 

but in the case of a deep 

girder the latter is the one to ^- "*■ 

be chosen, since it has this great advantage — that both the 

outer and inner mould is more readily accessible for mending 

up, blacking, and so forth, when the middle aand is remorea 

than when it remains in titu. Wig. 174 shows the pattern 

rammed np. 

The cylinder (Fig. 175) as used in vertical steam cranes 
affords an illustration of drawbacks, loose pieces, and cores 
in one pattern. Observe the shape of the feet, a, a ; clearly it 
will not mould on either side, bet^use the cranking of the feet 
will not allow them to be drawn into the pattern space, and 
the sand overlying them will prevent their coming np with 
the pattern, no matter whether we ioint it through the plane 
of the passages, b, b, or parallel witii the steam-<:£e8t face, o, 0. 
An accurate core, moreover, would be a troublesome thing to 
make, for it would have to include the entire foot with its 
bracketii^s, its bottom face of course excepted. But there is 
no diffici^y if we use drawbacks, and they are very readily 
manipulated here, s, d. Fig. 175 shows the pattern completely 
rammed up in a tiizee-psxted box, with joints and drawback 
plates shown. The section is supposed to be on the face of 
the cylinder flange. Fig. 176 shows the middle and bottom 
parts of the mould when the cylinder body has been removed . 
and the drawbacks are lifted out, but before the feet are drawn 
or the middle box parted from the bottom. The section Is 
taken through the middle of the exhaust, the feet, and the 
Bteam<chest flange. The 'exhaust flange and that portion of 
the body above uie foot are in the drawback (not diown), so 



140 



PATTSBK-MAXIKa. 



that that portion of the mould shows a dear space right down 
to the flange. Fig. 177 shows the right-hand drawback lifted 
out The left-hand one, of course, will be similar, except 
that it will contain also the exhaust portions just mentianed* 
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Then, farther, we must either core out underneath the 
steam-chest flange or leave it loose. A core would be far too 
troublesome, so by leaving that flange loose we can joint 
underneath it, and draw the half -pattern from one box and 
the flange from the other. And the steam passages must be 
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taken oat by oores, the printa for whiab. will be placed oa the 

l£e moTQ completely to illiutnite this chapter on the diver- 
cdfied metliods of moulding patterns, let us disousB the dif- 
ferent methods in which a lathe-bed might be made. JBrsiyone 




knows tlie familiar form of 
a lathe-bed, with V-shaped 
edges for the saddle of a 
slide-reet. The V-strim are 
planed all over, and that 
settles at once their posi- 
tion in the mould. They will be in the bottom, to secure the 
advantage of the soondest and cleanest metal. 

But we require to settle something beside the fact that the 
Btaiips are to be oast downwards before we commence the pat- 
tern, and that is, how to taper the sides. Looking at the 
imaginary mould in section, Fig. 178, we see clearly that, 
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though the sides of the bed can be made to withdraw readily 
from the sand, it is impossible to lift out the inner and outer 
bottom strips through the spaces left by the sides. Hence 
our idea would be to remove some portion of this overlying 
sand, and so render the strips accessible. From this point of 
view the pattern could be constructed in three different ways, 
in order to provide for three methods of moulding and tJiQ 
ready removal of the strips in each case. 

The three diagrammatic views, much exaggerated, will 
clearly illustrate these three methods. In the first instance 
(Fig. 179) we plane no taper in the stuff which forms the 
sides, but give, instead, i inch to ^ inch of taper (according to 
the depth of bed) to the ends of the bridges or crossbars, so 
that the bed shall spread bodily in section. Here the sand 
forming the inside of the bed wiU be lifted away on plates, 




Fig. 179. 
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Fig. 181. 



after the removal of the top box, and the pattern itself will 
be drawn immediately afterwards. The mlets, a, a, would 
have to be wired on to lift with the inner sand, and the outer 
Yee's, by h, would also be left loose to be drawn into the 
middle space left by the lifting out of that sand. 

The process adopted, in mewod two (Fig. X80) would be the 
same in principle as the first, but the modus operandi would be 
exactly Ihe reverse. Here the outer sand would be lifted 
away, either on drawbacks or on an outer encircling plate ; 
then the pattern would be drawn, leaving the midoLe sand 
remaining. In this case the inner strips, Cy e, and the outer 
fillets, a a, would be left loose. In the third method (Fig. 181) 
the medial lines of the sides are parallel, and taper is given to 
their inner and outer faces. The bottom strips, boti^ inside 
and outside, are wired on, and the screws which unite the 
sides to the crossbars are withdrawn one by one as the ram- 
ming goes on, and when all is rammed up and the top lifted 
away the pattern is drawn piece by piece, leaving the sand 
behind. Then either middle or outside is taken away on plates. 
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and the loose strips drawn in. Fig. 182 shows an encircliDg 
plate as used for lifting the outside of a mould away bodily. 
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Fig.182. 

The last method is to take out the inside with cores (Fig. 
183). It makes a cleaner and truer casting, and as the cores 
are very plain the expense is not great. Only the outer 
pieces, a, a, are wired on. The core-box may be made of the 
entire length of the pattern, and the bridges put in, as into 
the pattern, or short core-boxes may be made to reach from 
bridge to bridge. 

Some of my readers may be disposed to put the question, 
Why lay so much stress on matters of moulding, instead of 
describing simply how such and such pat- 
terns are made ? I reply, that in any save 
the simplest jobs, scarcely any two men 
would go to work in precisely the same 
way. A pattern-maker must understand 
moulding well, and even here the usages 
of shops difPer. The bare description of 
one pattern would be of little assistance 
in the construction of another, haying 
perhaps a general resemblance to that, yet differing from it 
(from the moulder's point of view) in some very important 
particular. I know of no trade where the methods of work- 
ing differ so widely as in pattern-making. Many patterns 
can be made to mould in three or four different ways, 
and the workmen, therefore, instead of proceeding in certain 
set grooves, like those of many handicrafts which wOl occur 
to me mind, must devote to each new job some amoimt of 
originality of thought and modification of construction. It is 
for this reason that piecework is so difficult of adoption in the 
pattern shop. 
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CHAPTER XXI. 

LOAM PATTERNS, fto. 

Why Qied-^MeihodB of making. — Gapstan. — ^Bar Oiref. — ^Boards.— Core- 
box. — ^Bemarks on Woodn Patterns. — ^Looae Pieces. — Stopping-offl 
— Fines. — Wheels. — ^Brackets. — Skeleton Patterns. — ^Bings. — ^I^vel- 
ling-olock. — Crane-centre. — ^Tank-plate. 

A LOAM pattern is quite a different thing from a loam mould. 
We made the boai^ for a loam mould in' the case of the 
large cylinder (Chap. X., pp. 69, 70). We will now make the 
boards for a loam pattern^ and that pattern shall be a common 
capstan. In cylindrical -work a loam pattern is advisable 
when the mould is so small that a man could not conveniently 
work within it to strike the board round, and yet so large 
that a wood pattern becomes too expensive. This is usually, 
in fact, the ultunate consideration : me relative proportion the 
cost of the pattern bears to the value of the casting or castingps. 
Thus, in the case of a capstan, if we had one or two castings 
only to make, we should use a loam pattern, but if we requir^ 
a dozen or twenty castings all alike, we should consider a wood 
pattern the cheaper. Though its first cost would be con- 
siderable, the subsequent expense of the moulding would be 
diminished in a greater degree. 

A loam pattern, then, is a pattern made in loam instead of 
in wood. Both are exactly alike in outUne, the materials only 
of which they are constructed being different. A loam pattern, 
like A loam mould, is struck up, but the boards are cut tiie 
reverse to those intended for a loam mould. Brackets, how- 
ever, facings, flanges, &c., not circular, are made as separate 
pieces, and attached to the loam body by means of nails. 
Where there is a longitudinal centre core, as in a pipe, a 
cylinder, or, say, in our capstan, it is customary to strike the 
core up first on ^e bar, to dry it, and give it a coat of black- 
ing, and then to strike the body of the pattern over that (see 
C^p. XYII.). After the pattern is moulded the body thick- 
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ness is stripped off, and the core is placed in the mould for 
casting. Evidently this can be adopted only where one casting 
is required, and if this happens to turn out a "waster," the 
labour of striking upva pattern has to be gone through again. 
Therefore the question of striking up a pattern on another 
bar distinct from the core is an economical matter to be decided 
by the character and circumstances of each individual job. 

Reverting to our capstan body, then (Fig. 184). We take 
the body, because that alone is made from a loam pattern, 



a 
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Figs. 184. 

omitting the base and cap (not shown) as being wood patterns 
of so simple a character as to call for no comment. Observe 
that there are six cores, a, ^, required at the upper part of the 
capstan for the insertion of the lever bars. There are also 
lightening spaces, 3, ^, between these recesses (Section a, b). 
We can put in these cores in one of two ways. We might 
have six prints arranged equidistantly round the pattern, and 
left loosely set, so that they might be drawn singly into the 
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mould. Bat as it would be difficult to set them properly in 
loam, we consider it better to make a print continuous round 
the circumference, «, e, and to shape the cores in such a way that 
they will fill the print ring quite up, or ** stop themselves off." 
Haying thus decided, we simply make our boards as indicated 
in the sketches. Fig. 185 representing the board which strikes 
the core, Fig. 186 tiiat which strikes the pattern. Stamp the 
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Fig. 186. 



diameters as shown, and mark ends of prints. The dotted 
line in Fig. 185 shows thickness of metal. Two little battens 
on the same figu res, «, a, hold the bosses which carry the cen- 
tral spindle. When the core is struck up, of course these pro- 
jecting bosses form recessed grooyes or ring^, and if 
I the board were drawn back with these firmly 

( attached to it a portion of the loam would be torn 

pil away also. But these are imscrewed after the core 

v-^dj is made, the main board is drawn back, and then 

f *~' they are taken away parallel with the axial line. 

' Fig. 187 shows the same enlarged. When the 

fig. isr. iQgjn pattern is struck and finished, supposing the 

thickness of metal is struck on the core, it will in section 

haye the appearance shown in Fig. 188. 

Then we take the core-box, and here we observe that a 
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pl^ tapered box, Bimilar in eliape to the holes required for 
the capBtaji hais, would be of no use. The aides of the circular 
primt (tapered) and the aides of the holes are not in one plane, 
but inolmed towards one another, and we ought to put this 
double taper in the core. 

It sometimes happens that in a tapered core we can give 
&s same taper to a ptint which we give to the core, and then 
the sides of the box are straight bevelled ; but in this case 
auch a method would prevent the pattern from moulding. 
Hence we shall cut the top and bottom edges of the box to 
the same angle as that to which the sides of the print and the 



Kt.m. 

aidea of the bar recesses are inclined towards one another 
(Fig. 139, elevation). This will, of course, necessitate the 
addition of a bottom board to the core-box, of the same shape 
as ita 0^6- Further, the oorea are intended to stop them- 
selves od; therefore they must be so made that when all are 
put in place the ring print shall be completely filled up. This 
we shall accomplish by making the print portion of the core- 
box to fill up exactly a sixth of the ring print, llhen, again, 
we have cores between the bar sockets, to lighten the casting 
and to inaure regular contraction. The gas muat be brought 
away from these cores ; so to insure a commimicatton with 
the outer air we will maie Ihe light«ning cores unite with the 
bar cores by the round holes indicated in section. Fig. 184. 
Therefore one oore-box will fill up print, take out bar and 
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lightening cores in one, and ftll tlie air irill be drawn away 
at once into the print. 

We maj note hj the way that although we have selected 
this capstan as an illustration of a loam pattern, it ia, where the 
qaantit; is sufficient to pay for it, made in wood — moulding in 
the same fashion, with printa at each end, and a centnd core 
Btmck up on a revolving bar against a board. When, how- 
ever, capstans are made in large numbers, it is better to have 
the patterns to leave their own cores. The capstan then 
would mould upright exactly as it stands when in position, and 
itspattemwouidhave two or more horizontal joints, depending 
on circumstauceB ; one at the centre, where the diameter is 



smallest — ^j'nst where the line od cuts in Fig. 184 — and one 
at the top of the bar cores. The bar cores may be set in prints, 
or be made to rest upon small oval cores lying upon the 
central core. The various portions of the pattern will be 
built up in segments and turned to templet, good glued joints 
and pegging being essential. The loose joints, where the pat- 
tern ^arts, are either dowelled or turned with shoulders, to 
drop into one another. The tapering shape of the capstan 
affords every facility for this way of monlding. 
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WMle the subject of the various methods of moulding 
patterns is under discussion, a few remarks on loose pieces, 
stopping off, and skeleton patterns wiU also be in place. 

lK>ose Pieces.— Tiake the annexed plate (Fig. 190). ^ For 
some reason or another, generally for the purpose of securing a 
sound face, as in a surface plate, this must be cast face down- 
wards. Then the proper way is to leave the deep ribs loosely 
dowelled on. We do so in order that they may be lifted up 
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Fig. 190. 

with the top sand, to be properly rapped and drawn out after- 
wards, rather than that the sand diould be torn away from 
the ribs and entail a deal of mending up. If these ribs were 
shallow, the necessity for leaving them loose would not exist : 
but, in the case of deep top lifts, there should be no exception 
to this rule. 

Somewhat akin to this is the case of a pipe or cylinder. We 
know the rule is almost invariably to make the patterns of 
these in halves, jointed longitudinally. The top half of the 
pattern is then lifted in the top box and rapped and drawn 
away from the sand. Occasionally, however, we see a pattern 
made solid, either through ignorance, or from a false idea of 
economy, and then the evil results of such a method are appa- 
rent in broken edges in the sand, and lapping joints in the 
casting, the result of imperfect mending up. The evil is seen 
at its maximum where a loam pattern is used. Here a joint is 
not practicable, and the rough loam tears the top mould so 
much that mending-up pieces are always necessary. 

Further, if we take a common trolly- wheel, though the back 
boss is almost as often fastened on as left loose, it is better 
to leave it loose, with a stud in the centre. For, although, 
owing to the abundant taper given to such bosses, the top 
box will often be lifted away without causing fracture of the 
sand^ yet a little imsteadiness in lifting will certainly break 
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the mould, and then the boss must be imscrewed from the pat- 
tern and embedded in the broken mould for the pxirpose of 
mending it up. The advantage becomes still more obvious if 
there are deep arms (Fig. 191) in addition to the boss in the 
top, so that in bevel-wheels, deep spur-wheels with double- 
ribbed flat arms in the centre of the rim, and similar instances, 




Fig. 191 



Fig. 198. 



the portion in the top should be dowelled on — ^boss and arms 
usually being fastened together and lifted out as one (Fig. 192). 
There are few patterns, indeed, in which some parts have not 
to be left loose, either for convenience of being lifted with the 
top part, or of being drawn in at the sides, as mentioned in 
the last chapter. 

Stopping Off. — We have used this term several times in 
the course of these chapters. It is one in common use in the 
workshop, and means broadly the modification of the shape 
of a mould, so that the casting shall be, to the extent of such 
modification, unlike the pattern from which it is made. 

Much can be done in this way by the moulder, and consider- 
able expense saved thereby. A comparatively small amount 
of labour will often save the cost of a new pattern, or that 




Fig. 193. 

of extensive alterations to one already in stock. Take, for 
example, the simplest case we can instance. Say we have a 
solid plunger pattern, 12 feet long, 6 inches diameter, and 
we want a casting of the same diameter, but only 10 feet long. 
If we cut the pattern off, we spoil it for the greater length if 
required at any future time ; but neither should we make a 
new 10-feet length. So we simply mark a length of 10 feet 
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in the joint of the pattern at the solid end, and provide the 
moulder with a semicircular piece of the same diameter as the 

Slunger, and two or three inches long. Before the pattern is 
rawn out from the sand, he carries the 10-feet mark across 
the sand joint both in top and bottom, then withdrawing the 
pattern, he lays the face of the stoppins^-off piece level with 
the mark, and fills up the mould beyond that face with sand 
(Fig. 193). 

Instead of a solid cylinder, let it be one hollow in section, 
say a pipe 5 inches in bore by 6 inches outside diameter. The 
stopping-off piece wiU then take the form of Fig. 194. The 
half-cirde, 6 inches diameter, will, as in the last illustration. 





Fig. 194. Fig. 196. 

fit the mould of the pipe body, but it will have a 5-inch half 
print screwed upon it. This, when laid in the mould and 
rammed round with sand, will give both the length of the pipe 
and the shape and size of its print as well. 

If, instead of a plain pipe, we have one double flanged, we 
should proceed in this way. A pipe, say as before, 6 inches 
diameter by 12 feet long, has to be made 8 feet long, and at 
each end of the 8-f eet length a flange is wanted. On the pipe 
body, 8 feet away from one flanged end, we screw a body 
flange (see p. 107) of the size we want cast on. Then we make 
a stoppin^-ofl half flange and half print that will be dropped 
into the impression made by that on the body, and ^ere 
rammed round. Or we may take one-half the flange from 
the pipe, and, filling up the hole which fitted roimd the body, 
screw a print against that, and use it in the same fashion 
(Fig. 195). 

From these illustrations it is apparent that the principle is 
capable of almost indefinite appucation. There is, in fact, 
scarcely a limit to its adaptability. Pattern wheels may have 
castings made from them either deeper or shallower, without 
altering the depth of the pattern itself. In the first instajice 
the wheel is drawny in the second strickled. That is, 
supposing the pattern were 3 inches deep, and the castings 
were wanted 4 inches, the sand would be rammed level with 



the top hoes of the teeth, then the pattern ironld be drawn Tip 
as in aeliTeT7, bat jaet to the extent of 1 inch, and the sand 
ranuned level again. The pattern then finally drawn would 
leave the moold 3 inchee + 1 inch = 4 inches deep. Or, in 
the second caae, the pattern being 3 inches, we want the 
casting 2 inches deep. Then the sand, aa before, being 
rammed level with the top faoea, a etrickle ehonldered to 1 in<£ 
in depth is worked around and between the teeth, making a 
new joint 2 inchee from the bottom of the pattern (Fig. 196). 
Even the outlines of side frames, cheeks, and brackets are 




altered as occaiton arises by this simple method of stopping-off. 
Thus a wall bracket like Fig. 197, a, would easily be cast like 
Fig. 197, B, in the manner shown, the shaded partsrepreBenting 
the new pieces put on tlte pattern which indicate uie shoiter 
length required, and the piece o the stopping-oS templet for 
the use of the moidder. In Hlb economy of the trade this 
principle of stopping-off is of the utmost importance. 

Sk^ton Fattema. — Loam patterns are eoonomioal ; but, 
apart from loam work, there are methods of making some 
pieces of casting without a complete pattern. Thus, it we 
wanted a ring somewhat large in diameter, and moreover fora 
temporary job only, we should make a sweep (Fig. 196) of the 
same section as the ring, and a foot or so in length. To this 
we should attach a ratSus bar, b, in which a hole would be 
bored corresponding in position with the centre of the ring. A 
stake, o, driven into the sand would form a fixed centre, around 
whidi Uiis would swivel on a hard wood pin or bit of wire, d, 
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wliile the motilder rammed the sweep up a sufficient number 
of times in succession to complete the circle. Or we may omit 
the bar, and simply mark two circular 
trammel lines on a true sand bed, by 
which to set the sweep. 

As a rule, a whole pattern would not 
be made for a large rectang^ular cast- 
ing, such as a boilermaker's or smith's 
levelling block. In these cases a 
frame only would be screwed together 
(Fig. 199), rough inside, but corre- 
sponding outside with the block in 
length, width, and depth. A level bed 
would be made on the sand, the frame 
laid upon it, and the sand rammed 
round flush with its top edge, and 
strickled-off level. The pattern would 
then be withdrawn, its cores put in by 
measurement, and a plain top box, 
rammed on the foundry floor and struck 
off level, would cover the mould over. 
These are simple illustrations, but the 
principle is often extended. The cast-iron centres for the 
wrought-iron truck frames of cranes are made in this way 
(Fig. 200) The curb ring facing, boss, and bed are strickled 
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Fig. 199. 

in the bottom by a board working round a core-bar, the skeleton 
pattern frame is rammed aroimd on this, and the top and bottom 
arms, and middle ribs and boss, are formed by cores. 

Neither in making a plated casting is a whole pattern 
necessary. The familiar form of a tank-plate will illus- 
trate this. A frame is made corresponding in outside dimen- 
sions and in thickness with those of the plate, and to this 
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frame the flanges far bolting are screwed. When the pattern 
is rammed up and tamed over, its position is that represented 
in Fig. 201. The sand within the frame is stricUed over 
level with its npper face. The top box is then placed over it, 
and upon the level and hard-rammed surf aoe of the frame the 




top sand is rammed (parting sand of course intervening). 
The top is then removed, ana the sand within the frame is 
scraped out with a strickle, shouldered to the same depth as 
the thickness of the plate (Fig. 201), after whid^ the pattern 
IB drawn out. This method is also applied in modified forms 
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to core-boxes as well as to patterns. In making tank-plates 
in quantity, however, it is usually considered cheaper to make 
the pattern solid, and so save the cost of strickling each time 
of moulding. This is merely a question of relative cost, and 
does not affect the principle. 



CHAPTER XXTT. 

SPECIALITIES— SPECIAL TOOLS. 

Dowels. — ^Difference between those of the Cabinet and Pattern Maker. — 
Wood Dowels. — Metal Dowels. — Peg and Cup and Plate Dowels. 
— Methods of putting in. — Rapping Plates. — Lifting-straps. — Centre 
Plates. — ^Modes of securing Jointed Patterns in the Lathe. — Long- 
toothed Gauge. — Eadius Finder. — ^Flange Templet. 

Though there are many points of similarity among those 
trades which employ the same materials of construction, each 
has, nevertheless, its own specialities — special tools, modifi- 
cations of tools, and modified methods of working. Cabinet- 
meiking, carpentry, pattern-making, and the cognate wood 
trades have many tools in common, yet each also has its appli- 
ances separate and distinct from the others. Likewise, boiler- 
making, smith's work, engine-fitting, brass-finishing — all have 
this in common — ^the manipulation of metals, and a know- 
ledge of the qualities which characterise those metals, besides 
the possession of some similar tools. Yet each trade, again, 
is so highly specialised that the man who works in one rarely 
has a thorough knowledge of the other. Taking this view of 
the matter, therefore, a few remarks upon tihe commoner 
specialities of the pattern-maker's craft in particular will, I 
trust, be in keeping with the scope of this work. 

Dowels. — These are in constant request in the pattern shop. 
But the dowels of the pattern-maker are used with quite a 
different purpose from those of the cabinet-maker and car- 
penter. The latter mujst hold tightly in the wood ; the former 
simply act as steadies to pieces which have to be left loose in 
moulding. The purpose of the two being quite distinct, their 
forms dmer also. The cabinet-maker's dowel is a parallel pin 
fitting tightly and glued firmly into each of the two pieces 
which are jointed together. The pattern-maker's dowel, on 
the contrary, fits tightly into one piece only, the other being 
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left BO easy a fit that the loose piece will come away with the 
top sand from the lower part of the pattern. But this does not 
mean ''slop/' for too uack a fit would cause overlapping 
joints and inaccurate work. The fit should be good when the 
joints are dosed up, and only slop when they are separated. 
Hence the dowel is parallel through one-half only of its length, 
and tapered like a print through the other half, the first por- 
tion being that which is driyen home, the second that which 
retains the temporary loose piece in position. 

Formerly, all dowels were made of wood in the pattern-shop 
— oak, apple-tree, birch — ^ahnost any hard wood was used. 
They were either turned in the lathe or else planed up in 
lengths in an angle-board, to be sawn off just as required, 
and the half intended for the loose fit filed taper with a safe- 
edged file. But in the good shops these have long since been 
superseded (except where rough and temporary work is con- 
cerned) by metal dowels made expressly for the trade. Those 
are vastly superior to the wooden ones, being more accurate, 
less likcdy to become broken off or damaged, and conse- 
quently more durable. Two forms are shown (Figs. 202, 203), 
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each of which are made in various sizes. The peg and cup 
dowels (Fig. 204) are made in brass, and are quickly fixed ; 
but the plate dowels are more suitable for permanent work. 

The brass dowels are put in thus. Say we have two pieces 
of wood prepared for a plain round core-box (Fig. 205). 
Square over from their two correspondingly true edges, two 
corresponding lines representing tiie centres of the dowels, 
measured longitudinally. On those lines gauge at equal dis- 
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tances from the edges other lines, the intersections of which 
■will be the centres of the dowels. But we do not always want 
the trouble of squaring edges, neither in aU cases is it possible 
to get a square edge to work from. So a true way and ready 
is to lay a common pin in the joint with its head covering the 
spot where we want the centre of the dowel to come, and then 
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Fig. 205. 

to press the upper and lower blocks together. The pin-head 
will leave its impression on the two blocks, corresponding 
exactly with one another in position, and these form the 
centres for running in the centi'e-bit. Half a dozen or any 
number of holes may be marked thus if needed, and all per- 
fectly true. This is so good and simple a method as to be 
preferable to the scribing of lines. 

Having the centres marked, bore holes, so that both shank 
and cup may be driven in tightly. Note that the portion 
which is driven into the wood is not screwed, as it may appear 
to be at first sight, but is simply grooved out concentrically. 
The idea is, that the yielding grain of the wood being forcibly 
driven out of its natural position by the blow, mil after- 
wards swell out and hold the dowels in position by filling up 
the inter-ring spaces. 

The plate dowels are put in thus. On the underside of the 
female plate there is a ring (see figures). In the joint of one 
of the pieces of stuff to be dowelled bore a centre-bit hole, into 
which this ring shall fit tightly, the hole having a depth slightly 
greater than the length of the dowel-pin itself. Dropping the 
ring into this hole, scribe round the edges of the plate, remove 
it, and cut a recess to that size, and equal to the thickness of 
the plate. Drive in the plate, see that it is flush with the sur- 
face of the joint, or, even better, just a shade under it, and 
screw in place. Then the male plate is dropped in, the top 
haK of the pattern lowered over it steadily into required 
position and pressed downwards. The two points or nibs, a, a, 
which stand out from the back, will then leave an impression 
in the top of the pattern, by which we can, when turned over, 
set the plate in that half and mark its exact boundaries. Its 



158 



PATTBBir-lCAXINa. 



recess will then be cut, into which it will be screwed, and if 
done carefully no fudging will be necessary to insure a proper 
fit between pin and hole. 

Bappiiig Vlates. — ^A pattern must be subjected to the pro- 
cess of '' rapping/' else on attempting to pull it by main force 
out of the mould, all the. bounding edges of the sand would 
ding to it and become broken and torn up. But rapping 
loosens the pattern by slightly thrusting aside the sand which 
is in dose contiguiiy to it, and, so to speak, dearing its way. 
A hole is bored in the pattern, the pointed end of a round bar 
is thrust into this hole, and the oar is then struck sharply 
with a hammer on all sides in succession. Now this, as may 
be believed, is veiy destructive to the pattern, although essen- 
tial to the moulding. So plates of wrought or cast iron have 
long been substituted for the hole in tiie wood, the plates 
being let into the pattern flush with its top face. 

But a few years ago, perhaps a dozen or more, plates 
made of malleable cast iron became a spedality, and have 
fl;radually superseded the dumsier, and in the end dearer, 
home-made productions, so to speak, of the shop. They are 
neat, and are made in several sizes, of rectangular form. In 
most cases they contain provision both for rapping and lifting. 
Figs. 206, 207 show two different forms of these plates, a 
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being the plain hole for rapping, h the tapped hole for the 
reception of a lifting-screw (Fig. 208). The plates are let in 
sinmarly to dowel-plates, and are secured by the longest 
screws it is convenient to use. 

y.tf^.ittg straps. — When a large pattern has deep sides, a 
great amount of friction is set up between it and the sand, 
and it is lifted out with the founcty crane. In most cases of 
this kind plates would be usdess except for rapping, because 
the strain put upon them in overcoming this Mction woulp 



tear &6in away from their attachment in epite of ecrewB. 
Thea we put on lifting-irons or liftiug-strapB (Mg. 209). 
These are pieces of thick hoop-iron or thin wrought-Lron 
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bar screwed all down the side of the pattern, and bent 
round at the bottom to a right-anrfe. The upper end has a 
hole drilled to receive a rod for tie hook of the orane. By 
making these straps somewhat thick, say i inch or iV iuchi 
they can be made to fulfil another useful purpose in certain 
cases — viz. they will keep the pattern straight throughout its 
depth — an obnous adrant^^e where thin stufE is otherwise 
Bcantily stayed. As they ate used only with deep patterns, 
the fact of their standing out from the face of the wood to a 
distance equal to their thickness is attended with no inconveni- 
ence, because In such patterns either the middle or the outside 
of the mould must in most cases be lifted away for thepurpose 
of rendering their faces accessible for cleaning up. ^en the 
impressions left by the straps axe filled with sand and levelled. 
Centre Plate*. — These are indiapeasable to the pattern- 
maker. They are used for the purpose of securing the two 
halves of a dowelled pattern while it is 
being turned in the lathe. Those illus- 
trated in Fig. 210 are used for work of I 
small diameter, and the claws, a, are sufS- I 
cient to insure security while turning, but 
for larger work such could not be depended 
upon, and plates secured with screws ^' 

(Fig. 211) are necessary. When centre plates are not used, 
as m small work, the stuff is secured with wood e(^^ws 
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(Fig, 212), which figure shows a roughed-out piece of ebiff 
retkdj for the lathe, or, when the stuff ia large, wiUi " dogs " or 



" staples " (Fig. 213), But, even when it is not jointed, centre 
plates should be lued with large work, because, withoat them, 
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both fork chuck and dead centre work into soft yellow pine 
to a greater depth than is desirable, thereby increasing 
friction, and sometimes causing the pattern to run out of 
truth before it is finished. 

Long-toothed Gauge (Fig. 214). — ^This is in constant 
use in the shop. In gauging quick sweeps to parallel widths, 
or in gauging parts not on the same level, this is a most 
valuable tool, as useful in its way as the trammel with an 




Fig. 814. 

adjustable leg. The scribing point is capable of adjustment) 
and will gauge anywhere within the range of its length? 
4 inches or 5 inches. One face of the stock is flat, the oSier 
rounding. 

Centre Square or Badins Finder (Fig. 215). — ^A useful 
home-made article. It is made use of for the purpose of 
finding rapidly the centre of a disc, without rule, compasses, 
or geometay. On a piece of mahogany A inch thick draw 
a circle, say, Si inches diameter ; through its centre draw lines 
intersecting at right angles. Out to one of these lines to a 
little below the centre, a ; drive two turned pins, a, a, through, 
on those points where the other line cuts the circle, and finish 
the edges to taste. When the edges of the pins are slid round 
the circumference of a disc, the edge a always points to its 
centre. The intersections of lines drawn from opposite sides 
of the disc will indicate the centre point. The limits of its 
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adaptability range between a diameter somewbat greater tban 
the distance apifft of tbe pins and one twice tbe length of the 
stem. This tool has been improyed upon in an American 
article costing about 12s. 



f-e^ 




Among the numerous little time-saving appliances of the 
trade I shall mention one more. Every pattern-maker is 

aware of the difficulty of screwing 
body flanges quite accurately on 
pipes, by set-square or trying square, 
especially when the edges of the pat- 
terns have become damaeed by long 
usage. A very simple artide by which 
the difficulty is minimised is shown 
in Fig. 216. It consists simply of 
Kg. 216. three strips of wood fastened together, 

with sides parallel, and ends as square as they can be made. 
Fig. 217 shows the templet in use. Its face is held against 
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the face of the flange, while the screws are ran in, one 
inside edge being of course in contact with the edge of the 




Fig. 217. 



pipe itself. Half-a-dozen of these, ranging from 2 inches 
to 12 inches between their sides, will embrace all pipes within 
those limits. 



CHAPTER XXIII. 
CHAIN BARBELS. 

Various "KiadB of BanelB. — ^Plain and Spiral. — Barrels made from Loam 
Patterns. — ^Mode of Striking-up. — ^Barrels made from Loam Moulds. 
— StrikiDg-np. — Bight and Leit-handed Spirals. 

Maitt barrels are made quite plain around their drcmnf erence, 
and then the chain can only tie at an angle (Eig. 218). The 
disadyantage with these is that the links are apt to oyeiride 




Fig. 218. 

one another, with the result of straining the chain when they 
are jerked into the normal position by a load pulling at them. 
Barrels grooved spirally to take the links in flat and vertical 
positions alternately are made with the purpose of obviating 
this dangerous liability (Fig. 219). Barrels also not grooved 
with deep link recesses, but simply hollowed out spirally to 
take the links in angular position, without the danger of over- 
riding, are also made (Fig. 220). 

The pattern of the plam barrel presents no difficulty. The 
remarks made in reference to the Duilding up of plain cylin- 
ders and columns will apply to these barrels. If small, they 
are made of solid stuff, jointed and dowelled of course; if 
large, they are ** lagged up " (p. 61). The flanges and their 
bosses are turned separately and screwed on the ends, and 
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the printB for the hole for the barrel-Bhaft are fastened out- 
side of these again. The spiral, whether it be a ^x>oye or a 
hollow, is marked out by points of equal diTiaion in uie manner 



adopted when making pattern screws (see p. 17S). Thus if 
the pitch of the screw on our barrel were 3 inohea, divide that 
into, say, a dozen equal parts, and divide the drtnunference 
into pretnsely tiie same number. Through the micceBsive in- 



terseotiona carry the tiiread. Hark anoUier line parallel with 
the first for the width of the groove, and work witk gouge and 
chisel. The central core is struck by a loam-board. 

But the coat of patterns of this kind, except where the same 
type of crane is being constantly repeated, bears too great a 
proportion to the coat of the castinga. In anch caaea a plain 
barrel already in atock, of the diameter of the bottom <j the 
groove, ie sometimes utilised by having lead 
strips cast to the section (Fig. 221), and bent 
round and fastened witli aorews. xet this is a 
clumsy method, and not to be recommended. A ''b- sm- 
better way, if die barrel does not exceed 20 inches or 24 indies 
in diameter, is to makeagood foam jxifjom (see Chap. XXI.), 
which, if well made, and protected with a coat of tar, will 
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stand sererftl stooMiiigB before it beoomee rotten. If the 
barrel exceeds theee duuneterB, & ham mouiA (see Chap. X.) 
is our only choice. 

To get the epiral groove, a good deal of rigging up is 
required, after vhioh the proceaa ia as simple as possible. 
Let us take the ^x>olt^patUm first in order. 




We require a loam-boaid fi 
along its ed^ like the barrd 

patt«am it is intended to strihe, I 

the reverse way. Evidently alst j 

airongement by which the boar 
travel a distance equal to the p 
the screw during one revolution 
oore-bar; in fact, on appara 
regular in its motion as a screwH 
lame. But it would be pre- 
posterous to think of fitting up 
change-wheels to a core-bar, 
so we devise some simpler but 
equally (for ourpurpose) effec- 
tive metbod. Mg. 222 shows 
the arrangement. 

A is a block of wood turned 
to any size, say, a foot iu dia- 
meter, and bored to fit loosely 

over tiie end of the core-bar, b. One face of this is cut to form 
the fooe of a screw of exactbr the same pitch as the spiral 
on the barrel. Two pieces of pa|)er, equal in length to mner 
and outer oiroumfereneee respectively, and cut to the pitch — 
that is, tapering from 3 inches to nothing on thdr lengths — 
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and glned xrand the iimer and oater diameten, g^re by their 
slant edges the lines by Thich the face of the block ie to be 
worked. Onthebackof the screr-blook a face-plate of iron, a, 
is attached, and by means of the Bet ecrewe in the boss the 
screw can be adjusted truly on the bar. 

The loam-boafd oonaiste of two portioiia — the lower, o, 
which strikes a loam body i inch or thereabouts less in 
diameter than the base of the grooves, and the ends, the 
boBses, and the prints beside, not ^ovn. Over this comes the 
grooved board, d, which slides upon the bottom one by means 
of two hardwood pins, e, e, working in slots, which slofB per* 
mit of its motion m a rectilinear direction over a space equal 
in leugtti to the pitch of the screw. 

Now all is clesT enough. After the loam body is atmck up 
by the bottom board, the latter is of do further service save as 



a base for the spiral board. It is aooordingly drawn back to 
dear the points of the screw, and ttte top botu^ dropped into 
phice by means of the pins, in a position correspondmg with 
the commencement of the screw-ihread. A boy then tnrna 
the handle of the core-bar, and while the core-maker daubs 
on the loam, another boy steadies the board whilst it is being 
pulled along by the screw i. through the medium of the 
tongne piece d, working against the screw face. Immediately 
that it gets close t£> the extreme of the screw pitch the boy at 
the handle turns more slowly, until the shoulder of the si 



this process has been repeated, say, eighteen or twenty times, 
the loam pattern screw ib neatiy finished, and is ready to go 
into the stove to be dried. The loam pattern, when struck up, 
has at this stage the appearance of Fig 223. The flanges and 
facing bosses are made of wood, and bored to fit the loam 
prints. 
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Teiy largo drums are so seldom. in demand, that nsnally 
one csating alone is wanted at a time. Then, if the diameter 
will permit of a man standing upright within it to work, we 
moke a loam mould. This require a special ria;-up, the some 
in principle, bnt differing in detail, mm tJmt last described. 
The sante guiding-screw will be used, but it will be laid in 




the bottom of the mould in a recesi specially stmok tor ita 
reception bythe bottom loam-board. The striMng-board also, 
instead of being cut reverse to the screw grooves, as in the 
lost example, inll be cut like them ; because, in this case, it 
has to str&e the actual mould and not the pattern itself. The 
apparatus for striking-will still be made in two, but will differ 
from the last in these porticulare. Firstj there will be the 
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Tmder pWn iKiaxd for Btrikmg the loam body, not as in the 
last, i inch Bmaller than the base of the groovea, but the 
conditions being reversed, i inch larger than their tips. Then 
the second board, its edge cut to the shape and pitch, will not 
work in slots, but will be screwed to the first-mentioned one, 
and the neoeesaiy vertical movement will be acoomplished by 
ano^Ler device. Fig. 224 represeata the apparatus rigged-up 
ready for striking t£e spiral The top joint will have been 
struck before the screwing-tackle is put in. 

A is a block of wood carrying a small iron roller, enlarged 
at Fig. 225, which runa on the mce of the guiding- screw, the 
block being fastened firmly to the bottom t^ of tne striking- 
board with wood BcrewB. b is a counter- 
poise which, by taking the weight of 
the board and striking-bar off the . 
roller, allows the whole affair to run ! 
with very little friction, and leaves the 
moulder free to give his attention to 
the loam without much expenditure of 
muscular effort. When the board drops 
from the top to the bottom of the guid- 
ing-screw at the end of each revolution, 
a groove wiU necessarily be out in the 
loam equal in width to Uie thickness of pj^, ^^ 

the board ; this the moulds will fiU 
up when wet, and dress oG afterwards when dried. With this 
Secern/ ffav'rmcld&fpareafMailS 




ezc^tiottf the action is quite automatia; the moulder has 
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merelj to move the board aronndy and aee that the loam he 
throws affainBt its face is of the proper consisteiiee. Fig. 226 
diows hxSl a section of the middle part of mould. In cranes 
of heavy oonstniction it is common to have two chains winding 
at once, one from each end of the barieL This means a double 
spiral, light and left-handed (Fig. 227), and, of course, two 
ffuidinff-screws, one cut to a right-hand, the other in a left- 
hand direction. The grooved board also will be only half the 
length of the other, and will strike the two screws distinGt. 




I 



Thus, say the screw commencing at ihe centre of the barrel 
and running upwards is right-handed, while the other running 
downwards is left-handed. The grooved board will be screwed 
on first for the top screw, and me zight-hand g^^ding-screw 
ut in the bottom. When it is struck, the grooyed board will 
e removed to the bottom, and the left-hand g^ding-screw put 
in. The bottom screw is struck last to prevent i£ receiving 
damage from the tumbling down of loam from above. 

The making of the lugs, or recesses, as the case may be, for 
the attachment of the chain or chains is too simple a matter to 
call for comment, and the making of flanges and boards, top 
and bottom joints, has already been described. 
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CHILLED WOBK. 

rollj-wheela. — Cana of 
intinK of ChilL— Wheel 1 

Tub art of chilling castiDge properlyiB only to be acquired by 
lon^ expeiieuce and obeervation. The theory is, that by the 
ohiUing of a caeting the separation of the graphite from the 
iron ia prevented, and cinnbination takes place instead. The 
eseentiM thhig is so to mix various cUases of iron tc^^ether 
that a chilled face penetrating to any required depth may be 
assured. Consequently, it ia aomewhat of a trade secret ; 
those who Icnov how to chill keep the results of their experi- 
ence to themaelves. But, aa regards the pattern-maker, the 
only knowledge necessary to be miported is how to make due 
provision for patterns whose castings have to be chilled. 

A chilled surface results when molten iron is run against a 
oold metallic mould. The erystals of metal 
invariably arrange themselves at right angles I 
with the cold surface, and they become white, £ 
hard, and of a steely nature. The regularly ^ 
ciystallised portion may extend from } inch to p 
I mch in depth, and presents a most charao- % 
teristic section when broken along the course 
of the needle-like crystals (Fig. 228). Fig.ssa 

Take a simple Ulustration in the first place. We want to 
ohill a trolly-wheel so that it may resist the grooving action 
of the rail for a long time. "We could not possibly chifl a thin 
wiieel without weakening it very much ; therefore it should 
be substantially proportionod round tha rim. Properly, too, 
it should be a pTatea wheel. We have several times had 
occasion to refer to the internal stresses set up in ca^t iron 
through the irregular cooling of different parts, and in par- 
ticular when treating of strap pulleys (p. 84) we mentioned 
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that the curved arm wm adopted with t!io view of leaeoning 
the lisbili^to fracture anmng from Uiat canse. For the eame 
Dorpoee when we chill wheels, we curve, not indeed the arms, 
for anna are not so suitable here, but the discoid centre (Fig, 
22fr). The rim is chilled almost immediately tliat the Qmi 
metal oomes in contact with the cold iron ring, and con- 
sequent!; it haa no further oontraotile power. But the centre 
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being vet red-bot, goea on contracting after tlie setting of the 
rim. In a small wheel the natural elasticity of the iron will 
prevent any evil effects arising from this source, but a large 
one must either inevitably break or be liable to fracture at 
any future time through internal tension and stress. By im- 
parting a large amount of curve to the disc the wheel is safe^ 
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provided, of coiirse, that the metal in the boss is not in excess, 
and that the proper mixtures are assured. The disc will 
accommodate itself to molecular stresses, and lose some slight 
portion of its curvature. 

First in order we take the pattern. There will be no 
difference between this and any ordinary pattern of the same 
class. Build up in segments as usual and turn to templet. 
Then follows the chill. It is seen in section in Fig. 229, and 
in plan in Fig. 230. It is made wide, and bonded, otherwise it 
is hable to burst. Six or eight inches of metal in the chill will 
not be too much for a wheel of two or tiiree feet in diameter. 
It is accurately bored to the same shape as the wheel rim^ 
As the rim alone needs chilling, the two faces of the castings 
are made with a sand mould. The bottom face will be 
strickled, the strickle working on the edge of the rim (Fip^. 
231 ). After having strickled the bed, the pattern will be laid 
upon it, and in the chill. Then the top box will be placed in 
position, and secured by its pins dropping into holes drilled 
in the top face of the dull, wmle the upper face of the pattern 
is ranmied up. Or, instead of bedding in the sand floor, a 
bottom box can be used, and the pattern turned over. The 
mould, when cleaned and put togetiker, will have the sectional 
appearance of Fig. 229. Fig. 230 shows it in plan. The 
rim will, if the founder makes his mixtures properly, be 
chilled as hard as highly-tempered steel to a depth of from 
i inch to i inch, as desired. 

Suppose, however, that we have to make provision for 
chilling a roller for a turntable or for a crane, as shown in 
Fig. 232. It is quite dear that although Hie metal oould be 
run into the dull, the casting oould not be got out ; therefore- 
in this case we must part oux dull. One way to part it would 
be through the centre in the plane of the wheel C^ig. 232, a, a), 
moulding in other respects 
as in the last instance. This 
would answer the purpose, 
and the only objection to it 
would be the "fin," as it is Kg. m ^ ^ 

termed, or thin film of metal which forms at the ioint.^ This 
could be ground off, however. Or the dull could be jointed 
in three in the line of tiie wheel axis, and fastened with 
cottars passing through lugs. Of the two, the latter is, per- 
haps, preferable, though a little more expensive to construct 
(Fig. 233). 

I^me castings are dulled through their inner diameters. A 
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-wheel n&Te vill illoatntte how this ma; be done. Common 
wheel n&Tee, with tapered holes for tapered azlee, are not 
hotei ; yet it is neoeeaary that the; should be smooth and 
truly circular, and durable beeide. In order to effect these 
ends, a diill is often oied in preferenoe to a common core. 
Having the pattern presum- 
ably with its prints true, and 
the chill with ends corre- 
sponding exactly with the 
prints on the pattern, the 
one essential la that the 
diills shall always occupy 
precisely the reoeuee formed 
by the prints in the mould. 
Tlua Qonld not be insured 
in prints formed in sand, 
becanse the weight of the 
iron chill would displace 
ttie more yielding sand to 
_. ^ a oertain extent. So iron 

rings, bosses, or clips, it 
matters not which, are cast and bored to fit alike around the 
pattern iffints and &e ends of the chiU, and these being 
either lanmted np in the sand, or fastened to the top ana 




bottom respectiTely of Uie moulding box, retain the ubill in 
place. Fig. 234 shows different £irms of dips. Fig. 23S 
shows than attached to the pattern. Fig. 236 shows thran 
xonnd th" nhill , 
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njndpl« of the Screw. — DUmeter.— Pitch. — Btriting out.— BhUm 
I^tUim*. — Fitting the Segment!. — WopMngto Sbape. — Pile Screws. 
— Propeller .Screws. — Marking ont. — Pattern Blades. — LoamSciewB. 

SoBxws vill range from a t&w inches in diameter up to aeveral 
feet. They will contain aereral revolutions, as in those for 
com elevators and brick machines ; or a single revolution only 
of the blade, as in pile screws ; or fraction^ portions of two 
three, or foor helices, as in propellers. We can also mould 
them from patterns, or strike Ihem up in loam. To a ^oung 
hand a screw appears a most difSoult task — a veritable 
donkeys' bridge, the Pom Annorvm of his craft. How to get 
the neceasary Hues is by no means dear, nor, having got them, 
how to work the blades. But if the fundamentu principle 
of the screw be borne in mind, viz. the development of an 
inclined plane around a cylinder, no real difficulty need be 
experienced in work of this kind. Details will vary, and a 
considerable degree of accuracy will be requisito, but a eorew 
is only a screw after all, no matter how it may be modified. 

The diameter of a screw is measured across the tips of the 
blade (Figs. 237, 238). The pitch is the distance between the 



oentret of the blade when it has made one revolution (Fig. 
.337). So that a piece of paper shaped like an inclined [uane, 
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equal in length to the circumference of the screw, as wide at 
one end as the pitch of the screw, from thence tapering to a 
point at the other end, will, when wrapped round a cylinder 




of the proper diameter, form a helix around its circumference. 
Similarly any number of reyolutions could be formed by de- 
scribing corresponding lines on a sheet of paper long enough 
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to embrace the total number required, such lines to fulfil the 
condition stated aboye, and to run parallel with one another 
(Fig. 289, A, A, A, a). 

But this, though a correct and ready method in the case of 
small screws, woidd not be quite so practicable with those of 
large diameter which are not cut from a solid cylinder. Some 
other method is desirable, and the following answers for a 
screw of any diameter, and also for the projection of the screw 
on the drawing-board. 

Divide both the circumference and the pitch into the same 
number of equal parts (Fig. 237) — 10, 20, 50, it matters not, 
so that they are equal; but the &;reater the number of 
divisions, the more accurately will me screw be lined out. 
Through the successive intersections of these lines draw a 
diagonal, right or left handed, as required, and this will 
represent the line of the screw thread-neither its edg^ or 
centre, whichever we choose to elect (Fig. 237). 

If we had to make a screw either with one or with several 
revolutions and of small diameter, we could cut it out of the 
solid stuff, as we did in the case of the worm (Chap. Y., p. 34). 
But such a course would be open to this objection — ^that the 
fibres of the grain would be no longer than the thickneiss of 
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the screw blade, and our pattern would become damaged or 
broken by a very slight amount of ill-usage. Hence a better 
way — ^the correct way, in fact — is the following. First joint, 
dowel, and turn up the body of the pattern, i.e. the solid 
portion round which the helix turns (Fig. 238, 240, A, a). 
Evidently the pitch of a screw at the base must be equal to the 





Figs. 240. 



pitch at the point. So we mark our inclined planes diagonally 
across, imiting the lines which represent the pitch, with the 
edges which complete the circumference, on a piece of paper 
of the breadth of the screw body, and of length equal to its 
circumference (Fig. 239, a, a, a, a). Parallel with these lines, 
and at a distance from them equal to the thickness of the 
screw at the root, we mark other lines, a, a, a, a, and then glue 
the paper round the turned body, llie space inclosed by 
these parallel lines represents the width of a groove which is 
to be channelled out about -^ inch deep, with saw, chisel, and 
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templet, to receive the actual screw. When the groove is cut 
the body wiU have the appearance of Fig. 241, which repre- 
sents the body of the pile screw (Fig. 240). 

Then for the actual thread, get out a number of segments 
roughly, like miniature propeller blades, long enough to reach 
from the bottom of the groove to a little beyond the screw tip, 
say i inch, and a little thicker than the thickness of the screw 
at the root or base. The width will be immaterial — say a 
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Bixth of a revolution each is a small pitttem. a tenth or a 

tn-fcUth for a large one. Let the grain fibres mn towards the 
— centre of the screw's diameter to afford 

the greatest strength (Fig. 242), which 
represents three sach roughed out blades. 
Each of these pieces mnst now be fitted 
in successioa with gouge and chisel in 
the grooree prerioosly cut, and the 
centre line of eadi piece should stand 
approximately square with the axis of 
the screw body. As these are fitted in 
successioa they must be held in place by 
meana of screws run in from the joint of 
the body. When the desired rerolution 
or number of revolutions is complete, 
I'ig.Hi. replace the body in the lathe, and turn 

the edee of the blade to the proper diameter, holding the 

tools with a firm grip to avoid a smash. 

This being done, mark on a atrip of wood the tuimber of 

divisions into which it is intended to divide the pitch (Fig. 
^^^______________^ 243) ; lay this on the lathe rest, 

[" •" I and with a timber scribe set 
^^^■^ I I J off corresponding lines on the 

"«■ ***■ revolving pattern. Then divide 

the circumference into the same number of equal parts as that 
into which the pitch is divided. Through the successive 
intersections of these lines draw a 
helix by meana of a narrow blade of 
thin steel bent around the edge (Fig. 
244), which represents the pattern at 
this particular stage. Previous to 
' marking these diviaions, especial care 
, should be taken that we start square 
with the body. A good way to begin 
at right angles is to take the pattern 
out of the lathe before marking out 
the point of the thread, unfasten the 

i'oint, and mark a centre line on the 
iladein f^joinfwith asquare. This 
produced to the outside will form a correct starting-point for 
the subsequeat dividing out. 

The thickness of the screw at the tip will be pricked with 
compaaaes and marked equidiatantly from the centre line, 
using the bent steel, as before, to run the lines round. The 
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segments forming tlie helix will then be all unscrewed at the 
lointy and one by one worked to shape. This simply consists 
in cutting straight outwards from the thickness of the root, 
given by the width of the groovOi to the thickness 
at Ihe tips last marked (Fig. 245). A rebate plate, 
slightly rounded on the face, is the best tool for this 
purpose, and the work must be tried with a straight- 
edge from time to time, to be assured that every 
line running to the centre is straight, and not 
rounding or hollow. Glean up with glasspaper 
and replace in groove. ^^' ^^ 

If our screw be a small one, say of not more than 10 inches or 
12 inches in diameter, these blade segments can now be finally 
and permanently fixed in place. For a small screw, even 
though it have a good many revolutions, can, if worked care- 
fully, be drawn, or rather screwed, out of the sand by a spiral 
twist. But if the screw be one of two or three feet in 
diameter, the friction of the sand against its sides is much too 

great to allow of this. In such a ca^se each segment must be 
rawn separately. This is only possible by allowing the radial 
joints fuU freedom to slide over one another ; hence screws 
and brads cannot be used to keep those joints flush in the 
mould. Yet they must have some steadim ent during 
the process of ramming up, and this can be afforded 
by an oblong dowel at the tip of the thread (Fig. 
246). Each segment piece which contains the 
dowel-hole can then be drawn out, followed by the «*« « - 
piece containg the dowel. The screws in the joint 
of the body retain the segments in their grooves during ram- 
ming up. After they are drawn, the body is lifted out and 
the segments follow singly. 

The taper of the pile screw (Fig. 240, a, a) is given after the 
screw is worked. It is marked round with a pencil, the eye 
judging of its shape, or the entire circumference may be 
divided into a number of equal parts, and in each division, 
beginning with the first, a corresponding division will be 
pricked, proportional with the required amount of taper. 

In making the pattern for a propeller screw, precisely the 
same principles of design will guide us as in the previous case, 
but our mode of working will be greatly modified. 

Say we have to make a common screw of 6 feet diameter and 
12 feet pitch, by pattern. It may be two, three, or four-bladed, 
that is, it will contain segmental portions of two, three, or 
four helices. Our first care is to stnke it out. Fig. 247 shows 




a three-'bladed propeller, tiioag)t not a working draTing; for 
in practice it is not nec^oeaij to etrike oat the irhole screw. 





All we need take is some aliqnot part of the circimifereDoe, 
and a correepondiog proportiiiiial part of the pitch, from which 
to get our data. Usually we waat 
the angle at tip of screw, and a 
single developed blade with a boes 
section. The blade is developed 
as shown in Fig. 248 in c^er l^at 
the pattem-maJcer may prepare 
his templet strips for the guid- 
ance of the moulder, those strips 
corre«ponding in shape with the 
' sections drawn across the blade. 
The angle at tip is required so 
that a templet may be cut for the 
building up of a pattern blade, or 
a sheet-iron guide made for 
the strikiiig up of a loam bed. 
Imagine the circle formed by the 
tip of the screw to be unrolled — 
that is, take the eircumference of 
the circle, in this case 18 feet 

ii- - Iter ■» lOiiff inches, and let that form 

ns' *>■ the one side of a right-angled tri- 

angle (Fig- 249), the pitch of the screw, 12 feet, being its base ; 
then the angle the hypothenuse will make with the side will 
represent the angle of the tip of the sci«w. 
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This need not, however, be drawn to full size, since in 
equally proportioned triangles the corresponding angles are 
equal to one another. So we can make it to any convenient 
scale, and measure upon it the actual breadth of the screw 
blade, and divide into as many parts as we divide the radius 
of the screw into, a, J, e, d, e, f (Fig. 248). These lines will 
represent the respective angles made by the screw sections at 
those points. 

When a pattern blade is made, it is built up in overlapping 
strips, as shown in Fig. 250. The strips, it will be observed, 
are planed to a uniform thickness of i inch or 1 inch, so that 
when glued together their squared edges form 
an exact guide for the dressing oS to shape. 
Work from end to end with planes, remember- 
ing, as before, that every line running from 

centre to circumference is straight. If the pattern 

blade is to be used for casting an entire propeller, ^ig. sso. 
the most convenient way of doing so is to make 
a core-box, put the blade into it, and make as many cores as 
we require blades. The thing to be noted is that the angle 
at the segmental boss is suited to the number of blades, 90° 
for 4 blades, 120° for 3, &c. If a core-box is not used, the 
blade is attaiched to a centre bar, and rammed up as many 
times as there are blades in the propeller. Movable top plates, 
or drawbacks, are used to carry the sand over the blades. 

In striking up screws entirely of loam, templets of sheet- 
iron are required, somewhat longer than the blade of the 
screw at its widest, and deep enough to take the amount of 
inclination which the piteh gives to each blade. The lower 
edge being supposed to remain truly horizontal, the top edge 
is cut to the angle of the pitch, and the plate then bent 
between rolls, to a circumference somewhat larger than that 
of the screw tips, is set in position around the bottom plate, 
and held upright by stakes, or other suitable contrivance, 
driven into the foundry floor. Then, on the building-up plate 
and underneath the places which the blades are to occupy, 
the moulder bricks up three sloping beds, filled in with ashes 
for the escape of the gas, and covers them with loam struck 
to shape either by a board working round a central bar, or by 
a straightedge working across from an inner to the outer 
templet. The pattern-maker now has to provide outline and 
sections of blades. The best way to get the outline is to make 
a templet from the drawing, either in tin, brown paper, or 
thin wood, and to mark its shape on the loam with a scriber 
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passed aroimd its edges. For the sections, get some strips of 
wood cut to the respective cross sections of the screw (Fig. 248), 
or, better still, strips about f in. thick cut to section, out cast in 
lead, and bent each to the curve of the radius at its own par- 
ticular section. These are set upon the loam face in their 
proper positions, and their purpose is to afford a sufficient 
guide to the moulder in getting the proper blade sections. 
This he does by filling in the interstices of the strips with 
loam or sand, and strickling it off level with the curved upper 
faces of the same. The central boss is either made in loam 
or wood — ^usually the former. Parting sand being strewn on 
the blade surfaces, the tops are rammed up in green sand, or 
as is usually the practice in large foundries where a stove is 
available, in loam, to be afterwards removed and dried. The 
templet strips, and their interlying loam, when taken away, 
leave the bottom face clean, and ready to receive the dried 
top parts for final fixing and casting. 



CHAPTEE XXVI. 

FOUNDRY REQUISITES. 

Moulding BoxeR. — ^Their Proportions. — ^Details of Parts. — ^Turn-over 
Boards. — Plain Boards. — How used. — Recesited Joint Board. — 
Boards for Gutters. — ^Plate Moulding. 

Moulding boxes or ''flasks" are rough articles which, any- 
one can make ; yet, like everything besides, if one were told 
for the first time to make a pattern for one of these, he would 
be in doubt what proportions to give to it. 

In the first place, then, the size and shape of the box will 
be decided by that of the pattern which has to be moulded in 
it. There should be two or three inches of sand on each side 
of the pattern in the narrowest portions, and from three to six 
inches on top and bottom — ^less in the case of small boxes, 
more in that of larger ones. It is most essential that a box 
should be rigid, even if that involves more cost in metal and 
some extra ramming up of sand. There is an immense fluid 
strain on a large moulding box when the metal is being run 
in = head x sp.gr. X superficies of mould. Also in the 
lifting about and turning over of the box, with its weight of 
contained sand, there are considerable straining forces at 
work. A flimsily proportioned box will spring, causing por- 
tions of sand to become loosened, to the endangering of the 
mould and the casting. The liquid pressure of metal will also 
tend to open its joints and make the casting disproportioned* 
For these reasons the metal in a moulding box should be 
heavy in proportion to its size. A box soon pays for itself, 
and the metal is always worth its first cost. 

Usually the top part of the box has vertical bars, and, unless 
in cylindirical work, the bottom part flat bars. In boxes 
for cylindrical work there are vertical bars in both top and 
bottom. If there is a middle part it is usually without bars. 
The vertical bars should be brought within about J inch of the 
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joint edge of the box, and within the same distance of the 
pattern thej aze to indoee. The edges of the bars 
next the pattern are chamfered (Fig. 251). They may 
be placed from ^yb to seren or eight inches apart in 
the box, contingent npon size and ciicnmstances. In 
cfjnmion with the box sides, lei them have plenty of 
*** "** taper — ^from i indi. to J inch. 

Strcmg logs are placed at intervals on the box sides (Fig. 
252, a, a), to carry the pins which connect the parts together. 
During «"<H"g the latter are kept dose, either by weights or 

cottars ; in the latter case cottar- 
wajTS are cot through the pins. 
Swell pieces (Fig. 252, h, h) are 
put on the ends to impart strength 
and to giye extra Sickness for 
the swivels, «, «, to cany which 
pocket prints are fastened on the 
swells. Flanges are often cast 
round the top and bottom 
edges, df both for oonyenienoe of 
turning the box oyer and for 
the attaehment of flat stay plates 
to support the sand in deep 
of yertical casts, such as cylinders 
^ and plungers. For lowering 
& boxes into the foundry pit by 
the crane, or for rolling oyer, 
handles, «, e, are often cast on 
the sides, to cany which pocket 
prints w^ be needed. 

In these rough foundry pat- 
terns yamish is not used ; often 
they are left rough from the 
plane. Sometimes, however, in 
these, as in other heavy patterns, 
the deeper faces are seared with a 
hot iron, sufiidently hot to scorch, 
smoothed over the surface. 

Turn-over boards are also 
called bottom boards and joint 
boards; Their purpose is to assist the moulder either by 
economising his time, which would otherwise be wasted in 
levelling or jointing, or by rendering temporary support to a 
pattern which, but for that aid, would yidd excessively to th€^ 




rammer. In the former ease the board has a plfun Stutaco ; 
in the latter it follows the outline of the pattern, whatever 
that may chance to be. When the board is plain and the 
pattern in halves, the bottom half of the moulding box is laid 
upon the joint board, incloeing one half the pattern, which 



also has its joint npon the joint board, and is there rammed 
up (Fig. 253). Both joint and pattern are therefore true 
without the trouble of levelling with winding strips. The box 
then removed from the board and turned jomt upwards, 




receives its top pari: and the other portion of the pattern for 
the completion of the ramming up. 

A board of this bind should be made stout, of from 1 J inch to 
3 inch stuff, according to size of work. Fitch-pine or red deal 
are better than yellow pine, because harder. The pieces of 
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* hich it ifl composed should be nanoir and oprai- jointed, to 
allow for the swelling and ezpansioB in width which will 
take place in damp Band. They will be held in place with 
st'.ut battens screwed nndemeath, 4 inches to 6 indies deep, 
\>y 2 inches or 3 inches thick. 

But man; small patterns are made without joints, par- 
ticularly in brassfini^er's work — as cocks, Talres, plug^ and 
so forth. The mould, however, has to be jointed, though the 
patterns ore not, and, since they are made in quantity, they 
are rammed up on a tum-orer 
board — a board which is reeested 
out to receive a number of smch 
patterns at once. The patterns 
fit loosely into their receaeea, and 
their centre lines correspond 
with the face of the board. The 
rtumning up process is the same 
as that described in the prerious 
instance. Fig. 254 shows such a 
board, having some patterns, a, 
b, e, d, «, /, g, h, in nfu, and some 
spaces, i and /, from which the 
patterns have been removed. 
The turn-over board for the 
|g pattern of a gutter casting (Fig. 
u 255) will afford an excellent 
^ illustration of that type which is 
framed to give temporary sup- 
port to patterns too slight in 
themselves to retain their proper 
shape in the sand. 

The bottom board in this case 
answers three useful purposes. 
Gutter castings are very thin, 
not more than ^ inch, oftener 
■^f inch, so we stay our other- 
wise weak pattern upon its block- 
ing. Then, in consequence of 
their shape, they invariably 
curve in cooling, and we coun- 
teract this by imparting the 
amount which experience tells us they will curve to the 
bottom board, but of course in the reverse way. Also we 
make the moulder's joint (Figs. 255, 256, a, a,) at the gutter 
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ends, and so save him the trouble of sleeking it every time he 
rams up the pattern. But for these precautions, the gutter 
ends, flanges, or sockets and spigots, as the case may be, 
would be awry, and not match one another ; and the castings 
would be hollow on the back, so that the water would always 
And a low place to lie in instead of running right away. In 
a gutter of the annexed section the open side must be made 
hollow in the pattern to bring the casting straight. In a 6-f eet 
or 7-f eet length the amount of hollow will range between J inch 
and } inch, variable according to its depth ; so we round the 
face of the bottom board by that amount, and the sketch 
(Fig. 255) shows how it is best made. 

First there is a stout frame of, say, 3-inch stuff, mortised and 
tenoned, or else jointed with half lap joints. It must be both 
wide and long enough to leave a margin of sand beyond the 
sides and ends of the gutter, and to take in the moulding- 
box lugs besides, for the reception of whose pins holes ctre 
bored with a centre-bit. Blocks of stout wood are screwed 
on the cross ribs of the frame (Fig. 255, h, h), at intervals of 
10 inches or 1 foot — of exactly the same shape as the inner 
cross section of the gutter. These being parallel and fastened 
on a curved surface, will partake of the gutter curve. At 
this stage the pattern is made, the thin strips which form its 
sides and bottom being glued edge to edge and bradded 
while in place — flanges and sockets and spigots being added at 
discretion (Fig 256) . Then, for the convenience of the moulder, 
We screw the chamfered block at each end of the board, a, a, to 
form his joint. All is ready now ; the pattern being^ laid upon 
the board, and the bottom box dropped over, the sand is rammed 
aroimd, and forms the reverse of the outside of the gutter, 
with its terminal chamfered joints, and its longitudinal curved 
side ones also. The box with the gutter in 8ttu is then lifted 
and turned over, the top part put on and rammed up. The 
box parts are afterwards separated and the pattern drawn. 
Thus both rapidity and accuracy are secured, which would 
have been impossible of attainment with an imsupported wood 
pattern. We may note that the patterns of gutters are often 
made in metal. 

' Another modification of the joint board is seen in plate 
moulding. But here a still further economy is obtained, 
since the founder has not even to turn his mould over. The 
boxes are not, in fact, brought together until the mould is 
flnished ; neither are the runners cut by hand, since they form 
part of the pattern in the plates. Figs. 257 and 258 illustrate 



platoa with common lift ralree, dack-boz ooren, and luuid- 
wheels npan them. 

In this case the top and bottom of mould are ranuned each 
upon its sepamle plate, and when brang^t together, ooirespond 
exactly. ^ ecessarilf , in ord^ to attain this reeult, the pattern- 
maker must work with exbcone aocniat^, else the joints of 
the castings will orerUp one another. 

f^. 257 is the plate which girea the bottom of the mould, 
and upon this the deeper portions of the patterns are fastened 
if comparatively shallow, dowelled if deep, and the runnerH 
to each radiate from the central feeder or gate. The strips 
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screved at the comers c^ the plate are there for the purpose of 
clipping the moulding box without blowing anj dop move- 
ment sideways. 

The next plate, Fig. 256, has upon it the top portions of the< 
patterns, corresponding in position with those upon the lower- 
plate, a central stud-hole being bored to receive the runner 
pin. It also has dips for the maintenance of the box in posi- 
tion. 

The two correeponding halves of a well-fitting moulding 
box are rammed, one on plate a, the other on plate B. Beine 
then put together by their pina, they form the complete mould 
ready for the pouring of the metal Sometimes, where tha 
quantity of castings will cover expense, a machine is fitted up 
to still further save time, the wooden boards beings replaced by 
planed metal tables, metal patterns, &o. 

The core and drawback plates which moulden use do not 
require patterns, but are formed in the sand from sweeps or 
strips, which the pattern-maker supplies. The jaggers ore 
stamped in the mould. Grids of various sizes are made from 
one stock pattern grid, stopped off as required. Large oore- 
bars are nude from pipe patterns, and the air-holee are either 
cast or drilled in. 



CHAPTEE XXVn. 

HEAVY MACHINE WORK. 

Variety of Types. — Hollow Framing. — Planing Marhine Bed. — Loose 
Strips. — Cored Portions.-!— Taper. — Standard of Machine. — Chnplet 
Blocks for Cores. — Travelling Table. — Open Joints. — ^WaU Drilling 
Machine. — Eadial Drilling Machine. — Boxing up. — Core-box. 

This includes types of so many different kinds that the barest 
description of them would be incompatible with the general 
scope of this book. Lathes, drilling, shaping, planing, 
boring, slotting machines, steam hammers, punching, shear- 
ing, riveting machines — all of them engineers' tools. The 
subject is both varied and attractive in the highest degree. 
But we shall find it more to our advantage to take two or 
three of the principal and more typical castings, and to 
thoroughly understand the construction of their patterns, 
than to run over the whole field in a cursory and superficial 
manner. 

One thing strikes the most casual observer who walks 
through an engineer's shop — the massive appearance of the 
framework of Qie machines. Everything has a solid-looking 
exterior, contrasting very markedly with the old skeleton-like 
types that linger yet in some of the older fijms. But these 
ponderous-looking castings are really most economical of 
metal, since they are hollow, the form which best combines 
lightness with strength, their thicknesses ranging from about 
} inch to 1 inch or 1^ inch. 

The lathe furnishes the oldest type of the engineer's tools, 
and contains in itself the essential principles upon which 
many others veiy diverse in appeaxaiice are constructed. 
Without the automatic slide, not only would our lathes have 
remained in the same rude condition in which they were found 
by Henry Maudsley, but those other machines whose value 
depends on tae parallelism of their faces would have remained 
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in the limbo of oblivion. Postponing, however, the discussion 
of lathe matters to the next chapter, we pass at once to the 
machine which comes next after it in importance — ^the planing 
machine. 

Looking at its bed (Figs. 259, 260) we observe the Y-shaped 
grooves for the sliding table, running its whole length, and 




projecting several inches within the sides. They are planed 
truly linear and smooth; hence they must mould downwards. 
Moulding thus, it is necessary that they should be left loose, 

and the best way of jointing is 
^^>Jjj^ to dowel as shown (Fig, 260). 
jf>vn i_^ After the main pattern is re- 
moved, and the middle sand 
cores (a, a, a, a, a) are lifted 
out, these strips could be 
drawn upwards but for one 
obstacle — ^the overlapping por- 
tions, h, h, projecting beyond 
Sectun^cfiB^d^ the outer edges. These, there- 

^•^80. fore, should be wired loosely 

on the already dowelled pieces, to come in after their removal. 
Or, if the hollow on ^ is not undercut, the Y strips entire 
may be drawn in after the removal of the bed by a sidelong 
motion in the direction of the arrow — ^that is, of the outer 
Y face. Sometimes, however, the Y's are taken out with 
cores, in which case the print o (left-hand side) would prevent 
the removal sideways, and the outerpiece must be left loose. 
The cross-bars, d, are cored out (£lg. 261) wi& the view of 
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lightening them, and thin prints for that purpose are fastened 
on tlie back and lifted in the top. The outaide faces of theae 
crosB-barB, together with the aides of the bed, ahould have at 
leaijt ir inch, of taper, or more if the bed be large. The 



v= 



C S" 



blocks, D, D, upon the aides (Figs. 259, 260) are for the 
attachment of the upright standards, and are cored out with 
printfl, «, «, screwed against their sides. 
The bosses in the corners are for the 
purpose of receiving the bolts which 
retain the two parts together, and are 
placed in the core-box (Fig. 262) at a 
distance below its edge equal to the thick- 
ness of the prints, e, e. iTiese blocks and 
the croBs-bara are "boxed up" (Chap. 
XI., p. 74) and attached to the sides 
with screws. The feet are worked out of 
solid stuff and screwed on permanently, 
as also is the fillet or moulding running 
round Uie bottom edge. The bosses for 
canying the driving and quick-return 
shafts, &o. (not shown), must all be wired 
on loosely. Such a bed should have 
lifting straps down its sides (Chap. 
XXII., p. 159). 

It may be taken as a role in ribbed fi!^ ' 
or flanged castings that plenty of taper 
should be given to those faces which are 
not working parts. Strength is not sat 
flced — the average thicknesa being ma 
tained — and the risk of the breaking up 
and damaging of the mould is vastly 
diminished. Also, round all parte that can be rounded — the 
edges of these cross-bars for instance — a rounding edge having 
a more graceful appearance than one quite angular. 

The standard (Fig. 263) is either " Doied up " or made of 
solid bars mortised together. It moulds upon its side with 
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the face which bolts to the bed downwards, and a print ia 

screwed on tbia joint face to carry a portion of the ligateuing 

core. One pattern will suffice for both atandards, by reversing 

the parts trom one hand to the other. The core will out 

through on the bottom — the top — the joint faoe, and on the 

slide, bnt no priats will be required save that one on the joint 

face just mentioned, which bolte against the machine bed. 

Elaewhere the core will be supported and steadied by chaplet^. 

In nearly all large hollow machine castings chaplets furnish 

the chief support to the cores, prints being available to but a 

limited extent. In their rudest form thej 

are simply thin plates of hoop iron, into which 

a bit of wrought bar of the necessary lengUi 

V^ is riveted, the opposite end of the bar being 

^ steadied gainst a bar of the box, or a cubictJ 

/' wooden chaplet block embedded in the sand 

(Fig. 264). These chaplets, arranged at the 

discretion of the moulder around the other- 

**-***■ wise unstayed portions of a core, effectually 

prevent the liquid pressure of the metal from thrustiiig the 

core against the side of the mould. 

The core-box for the main core of tiie standard will be 
made as shown in Fig. 265. It is very similar in appearance 
to a pattern partly boxed up. The strips which form the 
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bottom of the box may be battoned together, and should be 
at least 1 4 inch thick. The sides will be abutted together first, 
and then after being sustained with stout blocks glued and 
screwed into their angles the radii will be worked, the whole 
of this portion of the box being kept in position on the bottom 
board with dowels. The groove for the nut for the vertical 
Bcrew is cut through the side of the box at d. This core does 
not include that wMch cuts through the joint face block. This 
will be made in a distinct box, similar to Fig. 262, and laid 
in the mould first, the main core being eubsequJently laid 
upon it. 
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Looting at tlie travelling table (Fig. 266) we Bee a recessed 
portion at each end dropping; a little below the T-headed bolt 
recQuea We shall take advantage of this fact, and make 
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OUT table in such a way that it cannot got ont of truth. The 
plate will be formed of two thicknesses of stuff, the lowermost 
thickness being equal ta the plate at ita thinnest (Fig. 267, a), 
the uppermost equal to the thicker portion, b. The thinner 



Sectum^ of Taile- 

pieces will be equal to the table in length, and suffldent in 
quantity to make up the width. We shall not glue these 
pieces edge to edge, but joint with open joints ; that is, leave 
about i inch between each strip of timber. If wo were to 
glue our pieces together in a pattern so wide, a few hours of 
exposure m the damp sand of the foundry would expand the 
wood sideways, and either make the pattern too wide or else 
curve it. The open joints allow of localised extension, and ao 
the bounding edges of the pattern remain unaltered. On the 
lower longitudinal pieces thus jointed, screw in a transverse 
direction sufficient stuS to form the thicker portion, b, also 
with ojien joints. We shall thus have a rigid table that will 
not go out of truth either by the action of damp or heat. 

Upon thia we put the remainder of the work, very simple 
indeed. The long V-shaped sliders have narrow planing 
atrips wired on their sides (Fig. 267, er, e). Strengthening 
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ribs are often placed croeswuie underneath on heavy tables* 
d, d. Sometimes in the larger machines the sliders are 
lightened out at intervals witii rectangular holes, in which 
case pocket prints on both sides will be used. A T-headed 
groove is run along one edge (frequently along the bottom) 
to receive the tappets. The core for this wiU be fixed by a print 
wired on e. The prints on the face of the table, / (Fig. 267), 
for the T-headed Dolts, need onl^ be shaUow, i inch or i inch 
deep, and the cores will be made m short lengths, say 1 8 inches 
or 2 feet, placed end to end, as also will be those for the tappet 
groove. It will aid the moulder if all the work on the imder 
side, sliders, and ribs is left doweUed, to come away with the 
top sand, rather than that the top sand should be draped 
away from them. The lugs, g, y, are for attaching the 
travelling rack to. 

A plain wall drilling machine is made almost precisely like 
the casting. The plate or web is not cut from the solid, but 
halved together with half lap joints, and the ribs, having 
about ^ inch of taper on their inner faces, are screwed fast 
upon lK>th sides of the web. The bosses for spindles are cored 
out, if cored at all, with pocket prints. But me case is not so 
simple when we have to do with more massive frames, or with 
radial machines. A heavy, solid-looking frame is boxed up 
and cored out like the planing machine standard just described, 
but the core-box is orten more difficult to make. Especially 
is this the case with large curved brackets, having their curves 
irregular and in different planes. Careful measurements 
taken from plan and elevation views are then essential. With- 
out such care, the thickness of metal in the casting will vary 
considerably, and after the pattern-maker has done his best 
the moulder will often detect variations in thickness by means 
of his day templets. 

If to the remarks already made we add a description of a 
radial driUing machine, enough will have been said to enable 
a reader of ordinary intelligence to understand the construc- 
tion of any of the common machine castings of this type. 

Looking at it (Figs. 268, 270), we see that the top and bottom 
portions are projected upwards and downwards to form bear- 
ings for swivel movements ; the back is hollowed out deeply 
to receive the vertical spindle and gearing, and the Yee'd strips 
are cast on the horizontal arm which stands out at right-angles 
with the vertical axis of the machine. We can only mould it 
in one way — on its side, with the Vee*d face downwards. 
Evidently, then, tlie hollow back must be taken out with a 
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core, which core must be aitpported by a eufflcienoy of print. 
Then there ib b bo»8 for horizontal telescopic spmdle, with 
abutting rihe, and between this boss and the radial ana there 
is an intervening space, tf, to be taken out. 



We shall decide to joint our pattern along the longitudin^ 
centre — thatie, through the centre of the boss andrib. Being 
large also, we will box or lag up each half in preference to 
using solid timber. It will be lighter and less liable to get 
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out of truth. Make four or five blocks (Fig. 269, which 
represents one half the pattern, looking gainst its joint, and 
a section also), a, a, a, a, dowelled together, and glue and 
screw lagging strips, k, i, i, i, across these, to indude Doth the 



ourred portion of the pattern and also its print, bringing the 
print e^re level with the termination of the pattern side ( Fig, 
270). ^e rounding ends and the swivel projections will be 
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prepared as eeparate pieoee, and screwed against the ends of 
the lagging. The ra^ aim wiU be a pLiin piece of wood to 
which the Yee's will be screwed fast It will be fitted against 
the rounding body at its due distance from the boss centre, 
and the bracket, e, attached to it. The spindle boss and its rib 
will be made in halves and screwed in place. The pattern 
itself is now complete, but the space, d, between the boss and 
arm is rather awkward. If but one or two castings are 
required let it remain so, and the moulder will use a draw- 
back ; but if for standard use put in a print, and make a core- 
box for the recess. 

Fig. 271 is a section of the core-box, which, takes out the 
back of the vertical portion. It is made, as is usual with 

rectangular boxes, with two sides and two ends 

grooved in. Into this a block of wood worked 

to the shape of the inside of the vertical pillar 

is dropped, 0, the ends of which are curved 

^octict^af just as the edges of the casting are curved. 

OrreBoijo 5Che lugs for carrying the spinSe are shown 

^•vi. 2X B, each having a pocket print on opposite 

sides, and a loose boss wired on. 

There is much similarity in these machine castings. When 
we are conversant with one type of frame, and the method of 
piftVing and moulding it, we see, almost as if by intuition, 
how to make one of a difPerent class, yet to which the same 
methods will apply. Almost all will be resolved into two 
kinds, the ribbed and the solid. Of the one the planing 
machine bed may be taken as a type ; of the other its standara. 
and the radial drill furnish illustrations. Lai^ slotting, 
shaping, punching, shearing machines, and so forth, are all 
boxed up and cored out ; lathe beds, many drilling and boring 
machines, have a ribbed framework. The patterns are made 
strong and substantial, and instead of being varnished are 
usuaUy painted. 
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LATHB MATTERS. 

Lathe Beds. — ^Advantages of Coring Beds. — Boxing up. — Attaoliments. 
— ^Gore-boxes. — Saddle for Slide Best. — Transverse Slide. — Standard. 
•^Headstocks. 

Thebe are two ways of making lathe beds : one is to construct 
the pattern like the casting, leaving certain parts loose, and 
giving due taper both to external and internal portions ; the 
other is to box up a pattern, and to core out the internal 
portions. Of these two methods I am going to describe the 
latter, because with a cored-out pattern there is less chance 
of an untrue casting being produced, such a pattern being 
less liable to become rammed winding, or otherwise out of 
truth in the sand. If I were |^ing to juake a small bed such 
as this is for myself, knowmg the 
moulder who would mould it, ana that 
I could check it with straightedge and 
strips in the sand, I would not bother 
with cores; but if cast in a strange 
foundry, perhaps by men imaccus- 
tomed to this dass of work, I would 
not run the risk of getting a crooked 
bed by constructing a pattern of so 
slight proportions. To such as wish, 
however, to mould in greensand sim- 
ply, the view of Fig. 272 is seM-expla- 
nato^. A pattern made thus (one only of two or three methods) 
will be made correctly for moulding, remembering of course 
that the top of the bed is the bottom in the mould. 

Fig. 273 shows a fairly proportioned bed, dimensioned for 
the sake of deamess of illustration. It might perhaps be 
lengthened six or twelve inches with advantage, dependent 
upon the dass of work for which it is to be adopted. 
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*'Box up" the main body of the pattern (Fig. 274). 
Procure some inch board, out of which cut two sides (Fig. 
274, A, A, a) slightly larger than the outline of the bed. Re- 
bate them i inch deep to the width of an inch all round, and also 
across where the ribs or stays, a, a, a, a, a, are to come. Then 
prepare one piece for the top (b) 4 feet Oi inch long by about 
3f inches wide. We say ** about," because the stuff in the sides 
may be full or bare in thickness, and we want the bed to 
measure 5 inches over the sides when roughly boxed up, the 
finished width being 4i inches. Prepare pieces likewise for the 
bottom, b, h, b, b, by of the same width as the last, also the 
cross ribs, a, a, a^ a, a, of the same width too. Nail or screw all 
together. Plane up the sides to 41 inches wide at the bottom 
(bottom from the moulder's point of view, really the top face 
of the lathe bed) by 5 inches bare at the top. Plane over the face 
straight and square with the vertical centre of the bed — i.e. 
so that the taper in the sides is equal relatively to the top ; 
shape the blocks that form the swell round the gap, and plane 
iVth taper at the ends of the bed. 

The main body is now ready to receive its equipments. 
Make a print 4 feet by 1|^ inches by i inch and nail it upon the 
centre of the face (Pig. 275). (In reference to the apparent 
discrepancy between the width of the print here given and 
the width of the groove in Fig. 273, as also to other instances 
of the same kind, as 5^ inches depth of bed in Fig. 275 against 
5 inches in Fig. 273, let me remark that these are the 
usual ** planing " allowances). Extend the width of this print 
fust aver the intended gap to 4^ inches (Fig. 276, Fig. 275, c^ e), 
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the reason of which provision we shall see by-and-by. Pre- 
pare the outer V-shaped strips to the sections (Figs. 277, 
278), and wire on in place (Fig. 275, a, a). The outer lines in 
Figs. 277, 278 are the pattern lines, the inner ones represent 
the planed sizes. Make the fiUet to section (Fig. 279), planing 
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the straight portionB, uid cutting tho corred parts roond the 
gap with gouge and chisel, and nail or screw in place (Fig. 
273, a, a; Fig. 275, X*)- 
I The Btrips, n, d, d, round 




cings for tho standards, 
I 5| inches by 3^ inches 
^-^v -,.^....- , - . ^^ ...,..aa^g^ •"-'gj by i inch {Fig. 273, --«V 
Sv SQ' VV complete the pattei 

Figi. m, m. tn. For the first core (Fig. 

273, plan), frame np a box 1 foot 5i inches by 4 inches by Sg- 

inchea (I^g. 260). This is long enough to include the first 

and second ribs, and deep 

enough to include the 

print. Plane two strips 

1 foot 5^ inches by 1 f inch 

by H inches, equalling 

respectively length of box, 

depth of inner strip and 

print, and width of inner 

strip with planing allow- 

ance, and screw thorn 

^■^ against the sides of tbii 

box flush with its top edge (Fig. 260, a, a). Prepare two 

cross-bars i inch thici to ttie shape and dimensions indicated 

^^ in Fig. 261 , which represents a section of the box, 

Mw ^^^^ licking towards the end, and screw in place (Figf. 

^^ ^ 280, B, b). Prepare a piece 4 inches by 3 inchea 

M^'''^ by J inch, and fasten at one end for the standard 

B ^ I facing (Fig. 280, o). 

L..4*ji The next box is framed to 1 foot 4J inches by 

pj^ jgj 4 inches by 5J inches, and one end is made to 

■ follow the outline of the pattern (Fig. 282). In 

the end next the gap, a crosa-bar similar to the others, but 

3 inches deeper, is fixed (b). The guide strips, a, a, for ths 

poppet, as in the lest bos, will be required. The box for 

the third core (Fig. 263) will be 8 inches by 4 by 5i, haring 

strips. A, A, cross-bars, b, b, and facing, o, for standard ; or the 

second box may be utilised after its core is made by screwing 

a cross-bar in, 8 inches from the end next the gap, and putting 

in the necessary parts. 

The ^p box (Fig- 284) is framed to 6 inches by 4J inohea 
by 8i mches. This, it will be seen, corre^tonds with th9 



print in Fig. 276. Against the eidee of box screw two 
blocks 6 inches by 5 inches by tV inch (Fig. 284, a, a), to 
form the metal at the sides of the bed below the gap. 

Pig. 2S5 shows the saddle and transverse slide suitable for 
the bed we have just described in plan, Fig. 286 gives a aide 



view, Fig. 287 one in front, a is the screw ; B, b are the nuts 
attadied to the saddle l^ the screws c, c ; d the nut held in 



the longitudinal slide ; f, Fa turned bevelled groove to rec^ 

the ti^tenine nuts for the upper dide; o loose simp tor 
transverse slide, tightened up oy screws H, H ; i is the loose 
strip for the sadJdle, fastened by screws /, j, and ut by screws 



LATHE ICATTEBS. 



203 



X, K ; L, L axe slots for T-headed bolts, for oonvenienoe of hold- 
ing work to be bored. The bosses for the rack pinion move- 
ment are omitted to avoid crowding. 

Taking the pattern of the saddle first (Fig. 288), make 
the main plate 2 inches thick, to dimensions given, framing the 



JYtntsiLthxjok^ 




m^ 



Fig. 988. 



parts together either with half-lap joints or by mortises and 
tenons; nail on a print, a, i inch Uiick, to take out the recesses 
for the transverse slide ; screw on the strips b, b which embrace 
the lathe-bed, wiring on the Yee, which is cast in a piece with the 
saddle. Fig. 289 shows a section of the core-box lor a, looking 
towards one end. By means of the curve, a, on the end cross- 
bars of the box, the core is strickled to a corresponding shape 









Vig. 280. fig. 290. 

for the purpose of taking out the recess underneath the tra- 
versing screw. The prints, l, l, l ,l, and their core-box, MJ 
shown in section. Fig. 288, are for the T-headed slots, shown 
in the three views of the rest. Fig. 290 is a half-size section 
of the loose Yee strip, i, in Fig. 286, giving planing allowance 
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Fig. 291 ahiowB the pattern of the transverse aHde, top and 
bottom faces respectiTelyi and Fig. 294 in end view. Theplate 
▲ is 6f inches by 4 inches by f inch (finished to t inch). Upon 
this the dreolar face, with its print for the bolt recess, b, Fig. 292 
in section, is fastened. Fig. 293 shows the core-box for this 
recess, in section and plan. ▲ is a bottom board upon which a 
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centre-piece, b, is studded, and a ring piece, o, dowelled; the un- 
shaded portion being the core space. Note that the width of core 
is given as iV inch against f inch width of groove on top of Fig. 
285. This edlows of Sxe barest possible amount of skimmiiig up 
in the lathe, the core being too small to permit of much turning 
allowance, neither is mucSi necessary if the box be made truly. 





Fig. 294. 



Fig. 296. 



A slot will have to be cut in the casting, shown at m in Fig. 
285, through which to thrust the tightening bolts into place. 
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For the under face of the traveramg slide prepare a piece of 
BtaS 5f inches bj 1 J inch b^ } inch, and f aatea on in the centra 
of the plate alreadT prepared (Figs. 291, 
294, b) ; on this wire the loose strip, o, 
and nail the print, d. Make core-box 
(Pig. 295) jointed longitudinally, j, j, and ' 
dowelled and reoeeaea at sides, a, a, to re- 
ceiTo the brass nut (Figs. 28S, 286, d, 
and Fig. r" 

The sta . „ , 

which we hare described. The frame 1 
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haU-Iap joints, and the ribs screwed upon it with Vv inch of 
taper on their inner faces. The f inch ribs on IJie oxlUx 



2oe 

face simply rdiere the otherwiae heavy appearanoe of tho 
castiiig. 

Headstocks and popDete are jointed either longitadinally 
in their yertioal plane, tnue moulding upon their sides, or they 
are made to moiud top side down, ^e barrel of the poppet 
being loose in that case, and the orerhanging portions also of 
the headstock being left loose ; or where the oyerhang is con- 
nderable, as in arms for back gear, the sides are taken away 
on drawbacks. 
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PUMPS, COCKS, AND VALVES. 

Three throw Pumps. — Suction-box. — ^Delivery-box. — Jointing.— Barrel. 
— Its Core. — Bucket. — ^Air-vessel. — Strainer-pipes. — Their Cores. — 
Sluice-cocks. — How Moulded. — Gunmetal Faces Cast and Turned in. 
— ^Plug. — Nut. — ^Force-pumps and Core-boxes. — Small Brass Work. 
—Globe- valve. — ^Methods of making Cores. 

The varied character of pump work forbids all except a brief 
description of the commoner forms. The essential parts are 
barrels, plungers or pistons, suction and deHvery boxes, more 
or less elaborate in detail, and air-vessels. Single-barrel, 
two-throw, three-throw, hand and steam, single and double- 
action pumpSy vary more in details than in principle or general 
design, and are not usually very intricate. But almost always 
the internal portions are cored out, and the core boxes are 
generally of the most importance, often involving more work 
than the patterns ^emselves, and in certain cases requiring 
very great care on the part of the pattern-maker. 

Let us run through the main patterns for a set of three- 
throw pumps first of ail. The pattern of the suction-box is made 
as indicated in Fig. 298. One flange at least, sometimes both 
flanges, are doweUed on to the body, and upon one of these 
flanges are fastened the facings for the barrels, a, a^ a, and the 
prints, hf h, h, for the holes that flange moulding downwards, 
or the reverse to the figure, which shows the box as it stands 
in natural position, la standard patterns it is customary to 
work the hollows aroimd the flanges, and then the loose flange 
will be planed thicker by that amount. Sometimes, instead 
of a mere suction-box, where the valves rest upon the facings, 
a, Uy a, we have a dack-box — that is, a box which either con- 
tains the valves on their diaphragms inclined at an angle 
towards the front, or else on the top of a suction-box cast 
separately and bolted up from below. Then there is a door- 
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way, dotted at c, e, e, cast in front of each Yalye aperture, flo 
that any temporary defect in either of the dack-yalves may 
be seen and remedied without removing the barrels or taking 
the structure all to pieces. Where this is the case these 
hoLee uriU not require to have prints upon the pattern. II 
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there is a branch in the bottom for the suction it will be 
studded on loosely, and its flange— unjointed — ^will be slipped 
loosely over the print. If upon the side, d^ the branch will 
be fast, and the flange either slid loosely over, as in the fijret 
case, or parted in two, the top half being left loose. 

The core-box is usually made in several pieces (Fig. 299). 
The two blocks, a, 0, dowelled, are cut to form the inside of 
the shelL If holes are cored for doorways, as supposed above, 
0, c, tf, they are cut in the side of one of tiie blocks— the thick« 
ness of that block bein^ p;auged to represent the metal-thick- 
ness. A bottom board, 5, is dowelled on, and a top board also, e^ 
the latter in halves, and dowelled, and being equal in thick- 
ness to the thickness of the top flange together with its 
facings and prints. Holes are cut in the latter piece of the 
same shape and size as the prints. 

The delivery-box (Fig. 300) is not very different from the 
suction. In this, also, one or both flanges will be loose; 
facings to receive the barrel ends, a, a, a, and prints, &, 5, &, for 
their apertures will be fastened on. There will be a delivery 
branch somewhere or other, in which the same conditions of 
moulding will obtain as in the one for the suction-box, and 
probably a facing, ^, for the air-vessel. The core-box (Fig. 
301) wiU be constructed similarly, in regard to joints, 
apertures, and so forth ; but the hole for the air-vesseL a, will 
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cut through the top piece. The core for the delivery branch 
will not be made in the main core-box, but as a separate 
piece, and it will rest in its print and merely abut against the 
body core. 

Jointing the patterns in the way described means using a 
three-parted box in the foundry, with its two sand joints. 
But in most cases there is no objection to jointing through the 
centres of the prints, as indicated by the dotted line, and 
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Fig. 801. 



making the flanges in the plan (Fig. 300) fast. Then the 
fx)re-b6x, also, may be jointed in the same fashion, and its 




Fig. 802. 

sides screwed fast to its body portion. See Fig. 302, which 
shows the parts of one-half the box made in this fashion, ready 
to go together. 

The barrel (Fig. 303) is turned as a cylinder pattern would 
be, from solid stufP if of small bore, or lagged up if large — 
in each case jointed and do welled, and having prints, a, a, at 
the ends. Where an aperture and door are made at the front 
of the lower end, as is done when the valves rest upon the top 
of a suction-box, the square portion of the D-shaped block is 
either worked from the solid or else as a separate piece of 
wood, and fltted over the main body. The core in that case 
is struck up by a board and shouldered down as shown at Fig. 
304 to receive the D-shaped core, which is threaded on as the 
square base of our column was threaded on the round shaft 

p 
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core (Chap. JLYlll., p. 122). Or the main core is stnick to its 
full diameter, and a saddle piece made from a box of the 
section of Fig. 305 is fitted a^unst it (Fig. 306). 





ng.aoA. 



h=d 



I%.805. 



Pig. 808. 





Fig. 806. 



The bucket is made as shown in Fig. 307. The piston is 
turned from the solid, and the arch built up in about three 
thicknesses of smaU segments. The arch is fitted to the 
bucket itself by loose tenons oz dowels* The water aperture 





PLAH 




Fig. 809, 



Pig.SOf. 



rm 



SECTION 



Fig. 80S. 



is better cored than cut out, the pattern being printed on the 
bottom, and its core-box (Fig. 308) being made in halves. 
The three lugs, a, a, a, in the bottom of the bucket are for 
the attachment of the cup-leather guard, shown at Fig. 309, 
which last is turned and worked from a bit of soHd mahog* 
any. 

Air-vessels are cored out, the core being struck up. A core- 
box is only made when several similar castings are required. 
Frequently for large castings a loam pattern is used for the 
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body itself. The oommon form is the dome shape shown in 
Fig. 310, the pattern being jointed to mould sideways, and 
except at the print end the core rests upon chaplets. 

The last of a series of suction-pipes is funiished with a 
strainer (Fig. 311) at the bottom, to prevent the entrance of 
any foreign obstructions with the feed-water, which would 
choke the pump. These pipes are constructed similarly to the 
air-vessel, but no provision is made in the pattern for the 
strainer holes. These, numbering several scores in a strainer 
of moderate size, are made in a peculiar way. The core-box 
is like Fig 312, its thickness being equal to the thickness o^ 
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metal in the strainer bulb, and the holes have a large amount 
of taper. After being cut with a gouge they are burnt 
smoothly with a taper iron, its taper corresponding with the 
taper of the holes. The cores are then rammed up, each with 
a common cut brad standing point upwards from its centre 
(Fig. 313). When dried, the cores are stuck around the 
mould, approximately equidistant, by means of the brad 
points thrust into the sand. The main core is then laid in, 
and rests upon these cores, so that chaplets are not requisite. 
Sluice-cocks comprise shell, cover, plug, and screw pairts. 
The shell and the plug only need be mentioned. The shell 
(Fig. 314) may either have flanged or socketed branches — ^the 
latter being the more convenient for jointing up. The way 
of jointing the pattern is not affected, whichever form of 
branch we make. I have made these with the sockets up 
and down, and of course left loose (indicated by the dotted 
lines in the elevation) ; but this involves putting in the core 
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in three portionB — first, that for the bottom socket; secondly, 
the body ; lastly, the top socket — and is therefore not to be 
recommended. The cheaper way is to joint through the centre 
of sockets and body as shown in the end view, and ao mould 
the cock edgeways. Then the core is made all in one, as 
represented in the plan of the open box, and time is saved 
both in pattern-shop and foundry. 

In small cooks the brass facings are cast in a piece with the 
shells. The facings being cast first in brazing metal with 
projecting nipples (Fig. 315), are turned bright and laid in 




the core. The molten iron meet- 
ing these, partially fuses the 
brass and makes a dose joint 
with it. But in larger ones 
watertight joints cannot be se- 
cured by casting in, so , . 
they are of necessity !^k 
turned to fit the turned ^^ 
shell and pulled in close ^^ 
with screw pressure. 6«af" 
"When they are cast in, *^- »"■ 
the proportion of copper must 
l>e Isfge, since common brass or 
gunmetal would melt at the tem- 
perature of molten iron. From 4 inches to 6 inches in diameter 
13 about the limit at which a perfect amalgamation of the 
metals at the joint can be relied on. 

By making the pattern as we have indicated there are no 
loose pieces required. In the core-boi the only loose pieces 
are the circular facings which cany the brass rings, and also 
in Urge cocks the internal strengthening ribs, a. The ^uide- 
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strips for tlie plug, l^hy are fastened in the top and bottom of 
the halves of the box. 

The plug pattern (Fig. 816) is made from the solid, and is 
turned without, and recessed dovm on each side to the central 
web, a. On this web boss 
pieces, ^, are fitted, to give the 
metal round the central hole, e^ 
which is large enough to 
allow of clearance for the 
screw. A block for the nut, d^ 
a print, c^ at the bottom end of 
the same size as the central 
hole, and a couple of g^de 
strips, 0, tf, skewered on, com- 
plete the pattei*n. The re- 
marks made in refeience to 
the facings in the shell apply 
to those on the plug. The core-box for the hole has also 
a recess cut in it similar to the recess cut in the .saddle of 
a lathe to carry the screw-nut. 

The nut (Fig. 317), made of brass, is, instead of being 
screwed in the lathe, commonly cast upon the thread of a 
duplicate of the screw itself, three 
or four such being cast upon one 
thread at a time. The screw 
rests in a bed made in the sand 
by a long pocket print shown in 
Fig. 317, a, «, a, a, which print i^ ^^' *"■ 

of course " stopped over" against the face of each nut. 

Force-pumps, unless when very small, are seldom made from 

r 



Fig. 816. 






Fig. 818. Fig. 818. 

solid stuff, because of the liability of the timber to curve and 
twist. Fig. 318 shows such a pump, in which the turned 
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portions are each made Beparatdj* and screwed to the 
rectangular part, s. One half the oore-box is shown at Fig. 
319, and the stuff of which it is composed is preYented from 
cuiring by battens screwed upon the back. 

In working a oore-box of this kind it is not necessary to 
%.. ^.t make templets for each separate 

radius. A set-square furnishes a 
convenient and certain means of 
checking the accuracy of a semi- 
circle, since, if the e^g;es touch the 
opposite sides of the diameter while 
the comer is in contact successiYelj 
Kg. aau. with every intermediate portion^ 

the conditions of a true Bemidrde are fulfilled (Fig. 320). 

In making gland and bib cocks, and gimilAT articles, it is 
better, unless they are exceptionally large, to cut them out of 
the solid, and this remark applies to the generality of small 
brassw(vk. Of course the parts which are spherieal can be 
turned, even though they occur in different axes, by re- 
chucking, and the portions intermediate worked by gouge 
and chiseL Moreover, jointing is not commonly resorted to 
in these patterns. The regular makers seldom joint small 
work at all, but use bottom boards, and also use metal 
patterns largely. In places where these things are a 
speciality, there will be as many as a dozen, or twenty or 
thirty, of such separate and distinct metal patterns, usually of 
brass, in a single box. It is maryeUous to note the rapidity 
with which the workmen will lift the patterns out one after 
another with their fingers, without msturbing or breaking 
down the sand in the process. But it is essential that the 
metal patterns be got up well, and that the core-boxes — also 
of metal — be weU jointed. 

It is not customary to mark out both halves of a oore-box 
with compasses and square. One-half only is usually marked 
first and worked. Its face is then either chalked over or 
smeared with red lead, and the tmmarked half pressed closely 
against it and tapped with a hammer, when the lines of &e 
bounding edges will be transferred by the chalk or red lead 
to the opposite face. Or where easily got at, a bent soriber 
is brought into requisition, and being carried round the edges, 
marks the lines on the opposite half. 

The pattern for a common globe-valve (Fig. 321) might be 
jointed in the plane of the figure (vertical section), and be 
either worked out of a soHd piece, if of small dimensions, or^ 
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if lai^, the globular part would be turned, together witb the 
inlet and outlet ends and their prints — the branob for tbo 
eorew-grland being turned separately and fitted on. Or the 
jMttem might be jointed at 
right- angles to the plane of 
Fig. 321— that is vertically, 
line A, B — and the branch ba 
moulded downwards ; and 
this I consider the better 
way, as more convenient for 
laying in the cores. A small , 
valve baa naually nut- 
shaped hexagonal ends as 
figured, and is screwed 
within with gas-taps for the 
attachment of the piping. 
But large valves often have 
flange attachments, both at 
the ends and on the top, Kb-k. 

and in the latter case the top flange will be left loose if the 
branch is moulded downwards. The core for a large cock 
ie not made in one, but in two pieces. The cores are 




made from two separate boxes, and fastened together with 
claywash before being put into the mould. Lookmg at Fig. 
321, A is one core and b is the other, and they are connected 
together by the print 0, shown dotted in the fig^ure. In 
setting to work, just dismiss core b from the mind for 
awhile, and start about making a box for a. Three views 
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of the box are pven (Fig. 322), A ahowing its appeftranc© 
viewed from its onter end ; b, in sectional plan, looking 
on the face of the core-box joint 
and downvardB ; o, a eectioaal ele- 
vation cat longitudinally through 
</ J the box. Cleartj&e box parting at 

the joint, J, allows perfect freedom 
of delivery for the eemiciroular 
portion, d (Fig. 322), and also for 
**■ *^' the branch part, k, and the print, o 

will leave a receu in the core, by i»uch core b may be set 
true. Now make a box for core b, jointed at j, which is 




(Fig. 823) a lon^tadinal lection. It it shown in plan in the 
loint, looking downwards, at Fig. S24, also looking upwards 
m Fig. 325. Evidently now the stud, o, formed in this core 
will drop into the print in core a, 
and the two cores together will in 
section be like Fig. 326, which ia 
exactly what we re- 
1 q^uire. Xhia is the _j^^^^ 
I way adopted in mak- y\W/^^i 
ing oocks of moderate Ka^^p!^ 
and large dimeneions. 
^ =*« In very smaU cocks, **"'■ 

however, say of 1 inch vt thereabouts, it is often deemed not 
worth the while to round the metal outside the valve^^eat, 
and then one core-box euflSces. Its plan would be like Fig. 
327, and its section, of course, as bef(»e ; and the joint of the 
box would show like the vertical section of Fig. 321 




OHAPTEH XXX. 
WATEE-WHEELS AND TURBINES. 

■Water- wheels.— Their Bosses. — For Flat Amu. — For Eonnd Rods,— 

SlirODding'. — Toothed King. — Boilding; it up. — Marking out The 

Teeth. — Turbinee, — Core-box for Buckets. — Mode of fonmng ths 
Bbrouding.— Core-box tor Guide. — The DIbcs. — QreeuBaad and Loam 
Monldi. — Tnrbine Steps. — Lignum Vita Stripe. — Directions for 
fitting in, — GoTemor-rmg. 

WATBa-WHEKLS do uot come within the range of the pattem- 
maker's vork to the same extent that thej formerly did. For, 
io addition to the fact that the emaller and moie economical 
turbines are largely taking the place of the more cumbrona 
and extravagant 'water-'wheels, there is aleo the ciroumBtance 
that cast iron enters but slightly into their construction. But 
the fact that there is some cast iron about them, and that the 
country workman is not nnfrequently called upon either to 
construct or to repair an ex- ^ 

isiing wheel, justifies some 
slight allusion to the prin- 
ci^ parte. 

In the first place, &en, 
the etruoture of the central 
bosses will vary according as 
the power is taken from the 
centre or from the droum- 
ference of the wheel. If it 
be taken from the centre the 
torsional strain is great, and 

stout wrought or cast i]X)n t 

axma will be used. Then m rso * 

the boss will have recessed ^' 

pockets (Fig. S28) to receive the ends of the arms, and the 
pattern, but for the central print, will be exactly like the 
casting. The bits, a, a, a, are chipping strips to allow of 



318 rATTsn-iuxiMa. 

accntato fitting <rf tite anna wiUtont (tupping the edges of the 
rcTflnitT sloog the entire length. Bat when Uie power ia taken 
from the ctRumfereDce there ia Tsrjr little lererage, and lonnd 
wTov^t ban eerre both aa anna and stmts. Then the cen- 
tml boaaea take the form 
^ of Fig. 329, having arm 
and strut boeees and 
cottar wajB, a, a, for the 
attachment of Ihe rods. 
In mRlnn g thin pat- 
tern a plain jdate is 
tamed, of the oorrect 
diameter, and with a 
strengthening rib built 
np at the circumf erence. 
I ■ The central bosses being 
_^ turned and screwed on, 

the long bosses for the 
anus are abntted against tbem. These are turned as indicated 
in section. Fig. 330. a repreeents a middle strip planed to 
the same thickness aa the plate itself ; s, b represent the 
actual bosB pieces laid aeainst each side of this 
^^^ strip, and held temporarUy with screws, as when 
^^^ jointing pattern stuff in halves (p. 160). The three 
^^*^ are thus turned tf^ther, and the middle piece being 
**■**•■ removed, the boss pieces are ready to screw in 
their places and form a circuit section with die plate itself. 
The pieces marked h, h, Fig. 329, are mere etre&gtbening 
ribs fastened upon these bosses exactly as required in the 
casting. 

On the periphery long pocket prints are fastened, Fig, 331, 
and on every boss a cottar way print, b. The two prints carry 



the arm core with its cottar ways, made from a box, one-half 
of which is Bbowa laid open in Fig. 332. 

The bosees, c, e, c, c, Fig. 329, are for the strutting arms, 
and these are best turned from the solid, and sawn eQI alike 
to a bevel. On these also pocket prints. Fig. 333, a, and cottar 
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way prints, h, are fastened, for wluch a short core-box similar 
to the last will be made. 

The shrouding of a wheel (Fig. 334) will also vary with 
the conditions under which the power is taken off. Bound 
rods will require cottared bosses, and 
these will be made and cored similarly 
to those just described on the central 
boss. Flat arms wiU require recesses ^ 
like those on Fig. 334, a. 

When making the shrouding plate 
it is desirable, where the wheel is large 
and the number of segment pieces considerable, to make the 
pattern plate of cast iron, or, better still, of a piece of thin 
wrought-iron plate, and to screw upon this the curved 




Enlarged view 

of pattern at b 

<m Fig, 329. 

Fig. 883. 




Fig. 884, 

flanges, 0, a, either continuous, as shown in the figure, or 
disjointed, for the attachment of the buckets, and the inner 
flange, hy for the attachment of the sole-plate. 

Where a ring of teeth is bolted round the shrouding, much 
care is necessary in the preparation of the pattern. Without 
due care the segment castings may come out long or short ; 
they may be atwist, their ends may not be radial, and their 
teeth may not be square — for all of which errors the pattern- 
maker will be held responsible. 

The correct length of the segments is obtained by calcu- 
lating the length of a chord of the circle* if the wheel be 

* The chord is obtained thas. Find the half angle of the 
included space betweeen the radii. Get the sine of that 
angle from a table of natnral sines, multiply the radius by 
the sine. The product doubled gives the required length 
of the chord. Thus, let it be required to know the length 
of the chord a b. Fig. 355, a b bemg the twelfth of a circle 
whose diameter is 16 feet. The angle at c d is 30°, one-half 
of which is 15^ The sine of W is -25881. The radius is 
•25881 X8X2 = AB = 4' 1-69". 




Fig. 865. 
8 feet. Then 
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larffe, or by striking out a portion of the entire ring, say i or f^ 
if the wheel be small, and giving the segment its proportional 
part of the arc thus struck out. We allow for fitting on. 
the ends of the segments, which with all due care may 
vary i or ^ inch in length in the castings. The allowance is 
made for chipping by means of narrow strips ('' chipping 
strips ") about i inch or 1 inch wide, and they are made tibick 
enough to allow for all possible yariation in the casting, say 
f inch in this case at each end, and of this amount at least 
i inch is aUowed at each end over and above the finished 
length of casting, to be taken off by chipping. And as the 
shrouding plates are not likely to be true, and the segment 
may become rammed winding, we also put chipping strips on 
the bottom face of the segment, giving a sinular allowance 
there for fitting. 

This ring may be either internal or external, according as 
the teeth are on its inner or outer curve ; but in either case 
the pattern is made as follows : — 

Having struck out the segment in plan (Fig. 335) to get the 



f\i\tx/\r\n 







Fiff.SSS. 

ends truly radial and the teeth of the correct shape, and in 
section also (Fig. 336), we prepare segments for the purpose of 
building up the sweep. The plate of the segment (Fig. 336, a) 
can be made either in one piece or in two or three 
sets of sweeps, the latter being, of 
course, the better method of the two. 

The thin portion, or the rim, will be 

|h-fl^-)i made in segments, ceasing at h, just end view 
5'ECTiON -^iiere the hollow, c, commences. The Fig- 837. 
Kg. 886. thickness which forms the hollow, e, will be cut 
out separately — ^then these three parts, the plate, the rim, the 
hollow — each distinct and separate, but gauged to thickness, 
will be screwed together temporarily in the rough. The seg- 
ment, though rough externally and internally, is at this stage 
complete in its thickness and ready to receive the Hues. 
Strike the line* on one side for that curve of the ring on 

* When Btriking large radii a trammel-rod is apt to spring and canae a 
wavy line. In such cases it is belter to screw a couple of straightedges 
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wliich the teeth axe to be fastened, and mark the ends radially 
from the centre of the curve so struck. Eemove to the vice 
and plane these ends square with the parallel planed top and 
bottom faces. Then laying the segment on its face upon a 
true bench or drawing-board, square over with set square the 
curved line just struck on to the opposite side, and mark the 
sweep again on that side also. Work this sweep from one 
side to the other, roughing with gouge and finishing with 
planes. We have thus a true curve for the attachment of our 
teeth, at right-angles with the base of the segment. Now, 
taking out our temporary screws, we can gauge each of the 
separate portions of the segment, the plate (Fig. 336, a), the 
rim, 6f and the hollow, tf, and work them separately — ^returning 
them into position and gluing and screwing permanently 
when done. We shall work the teeth in a box (Chap. II., 
p. 22), and glue and brad on. The segment ends, a, a. 
Figs. 335, 337, will be fitted into the angle formed by the 
plate and the rim, and their chipping strips, dj d, fastened on, 
excepting the one in the bottom, which will be skewered. 
Holes in the ends for bolting the sweeps together will be 
taken out with pocket prints. 

Turbines (Fig. 338) are not yet so extensively come into 
use in England as in Continental countries. They vary much 
in design, but differ essentially from water-wheels in that 
the axis is vertical, and the turbine therefore revolves in a 
plane parallel with the horizon. The principal type is that 
which consists of an inner ring of guides. A, a, and an outer 
ring of buckets, b, b, usually in two or three vertical tiers con* 
nected with shrouding, a, h, e, d. Turbines being very small in 
comparison with water-wheels, both the buckets and their 
shroudings are formed in one casting, the guides and their 
shroudings being also formed in the same way. Now if we look 
attentively at our ring of buckets (Fig. 338, plan b), we shall 

tocrether like ¥ig. 354, and slide them around two fixed pins set in the 
course of the circle at the extremities of the chord, and with a scriber 
httld against the apex describe the circle. The condition is that the 
height of the triangle measured from 
the chord shall be equal to the versed 
sine of its circle, which versed sine is 
obtained thus : 

V = R — v'R*— C^ 
In which R = radius pj^ 31^^ 

G = semicbord. 

I prefer this to the methods of intersecting lines given in books on 
geometry. 




Bee thnt the labour of making a paUem Tould be immense. 
To out the shroudinga and all the ouoketa would be a round- 
•bout task. But the buckets being all alike, cores suffident 
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for an entire course of buckets can be made from, one oore- 
box (Fig. 339) ; and if there are two or three couiees, ire need 
but two or three core-boxeB, in which eore-boxea the shroud- 
ing can also be made. Considering again for a moment, we 
Bee that not only will no pattern be necessaiy, but that no 
prints for these cores will be wanted, for if the cores be made 
to fit one another closely without and within the circle of the 
buckets, they will close uf the mould (Fig. 340). Then all 
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W9 need do is to strike two circlefl corresponding with the 
inside and outside ends of the cores, c and d, upon a sand-bed, 
and to set the cores by these lines. Hav- 
ing* thus cleared the way, let us go into 
detail. 

Fig. 341 Uluatrates the way in which 
the oore-box is made. Construct a plain 
rectangular core-box, as indicated by 
the outer lines. Into this fit sundiy 1} 
blocks, a, a, a, a, to part at i, I. Make a 
templet of the core in thin wood, and 
laying it on one side of these blocks, 
scribe round its edges upon the box face. ^* ** 

Open the box, square down in the joint, place together again 
and scribe off from the templet on to the other side. TheT>ox 
may then be pared and planed through. We might make the 
box of the entire deptli of the three rows of buckets with their 



shrouding, but that would cause inconvenience, since the in- 
termediate shrouding, or rather plating, would be formed 
through the heart of tJie core, and being only ^ inch or ft inch 
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itdck^ there would be no chance to get at it for the purpose of 
cleaning up or blacking ; so we prefer to make as many core- 
boxes as there are rows of buckets, a, b, o. 

Then for the shrouding we get out sweeped pieces (Fig. 
342), corresponding in section with the shrouding and plating, 
and having marked carefully their concentric positions on the 
faces of the boxes we cut out recesses, e, e, e, c (Fig. 341), on 
those faces for their reception. Hence, when a core is made, 
say core a, it presents the appearance of Fig. 343. When the 
three rows of cores are made and put together we get two 
shrouds, two plates, and a metal space between contiguous 
cores. The cores being arranged in a circle, sand is rammed 
around them to afford support, and a loam top ooyers the 
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whole. The metal then flows between the cores to form the 
curred partitions between the buckets, and through the cores 
to form shrouding and plating, while at the outer and inner 
terminationB of the buckets its flow is arrested by the abutting 
ends of the cores. 

The same method is adopted for making the ring of guides, 
in which the core-box will be shaped like Fig. 344. The 
cylindrical seating for the governor, with its flange for bolting 
to the inlet pipe (Fig. 338, o, c), is shown cast in a piece with 
the guides, and for this two boards, shaped respectively like 
the Figs. 345, will be made, the seating being cast uppennost. 
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Fig. 846. 



The dished plates (Fig. 338, d, e), to which the buckets and 
guides are respectively bolted, would be made from patterns if 
small, but struck up if large. Either greensand or loam may 
be used in Hie latter case. If greensand, the boards will ba 
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cut as in Fig. 346 ; if loam, like Figs. 347, 348— the differ- 
ence between the two being as follows : In a struck-up green- 
eand mould the top board cut to the dotted line, a, a, «, a, in the 
Fig. 346, strikes a bed of hard rammed sand, which, being 
Sprinkled with parting sand and covered with a bop box has 
a reverse sand mould ranmied upon it, a thing efisily and con- 
stantly being done, since the lower sand is rammed sufficiently 





Fig. S40. 



Fig. 847. 



hard to resist the thrust of the hand-rammer. This being 
lifted away, the board cut to the fidl line, i, h, h, h, strikes out 
the thickness of metal to the bottom edge. The top box then 
closes this bottom mould for casting.* The disadvantage of 
this method is, that square edges — that is, edges of sand 
standing approximately vertical — cannot be lifted in green- 
sand without becoming torn away and broken down, so that 
mending up with sweeps becomes necessary. Where this 
occurs the best way is to make the board to strike the edge at 
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Fig. 349. 



an angle from which the sand will lift without fracture, ram 
the top box on that, and then make the edge in the top square 
with a sweep. We then have an iinbroken lower edge by which 
to guide the mending-up sweep (Fig. 349). The advantage of 
adopting a greensand mould is, that the time occupied in 
bricking up and drying are both saved — items of so much 
importance that a loam mould which would occupy perhaps 
four days in making could be done within a day in green- 

* For another example of a struck-up greensand mould see Chap. YI. 
p. 40. 

Q 
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stind. There is of course a lai^ cIobb of foondiy work. 
wliich must be done in loam ; but where the option lies 
between the two, the difference in ooet will induce us in such 
cases to decdde in favour of greensand. 

A comparison of the figures illuetratea the difference in 
method, for in the loam mould the boards strike the actual 
opposite faces in both top and bottom,* while iu the greeusand 
the bottom face oulj is directly struck. When tbe moulds are 
closed, the checks, a, a, insure their concentricity. 

The guide-ring plato, e, carries the step bearing of the tur- 
bine shaft (Fig. 338, f), and the step of a turbine is lined with 
strips of lignum vitee (Fig. 350), which, with, the water for a 
lubricant, answers better than metal. These strips are driven 
SECTION A B %h% ^^ grooves, a, a, a, 
3CCTI0H A a cast in the boss (Fig. 351); 
These recesses, if cut out in 
the patt«m, are so deep, and 

Ithe spaces between them so 
slight, that they would not 
deliver from the sand. Hence 
we core them out, as indeed 
we should do in the case of 
any other recesses or pockets 
where accuracy is required. 
Vt.tM. B But neither could we put 

prints around the inside of 
the boss, since the thin sand 
between their edges would 
Fig. SGI. not hold together. So the 

correct way is to put a round print upon the centre of the 
boss just as though there were nothing but a perfectly plain 
core wanted. Then we make a cote-box tot the recedes, dis- 
tinct from the main central core, of course with no print allow- 
ance, and the sides of this should have a shade of taper from 
the upper end, so that the strips shall have a tendency to 
tighten as they are driven down. When the cores are dry the 
pattern-maker marks oft as many equal divisions on the 
central core as there are to he recesses in the casting, and 
naUs the recess cores upon the central one (Fig. 351), which 
is then ready to be dropped bodily into the mould. 

The pattern-maker is also expected to fill in the lignum 
vitee blocks, and this should be effected with as little waste of 

■ See aiao Chap. Z. 
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stuff as possible. The best plan is to cut the stick down with 
a circular or frame-saw to the thickness required, and then, 
having fitted a templet strip into the casting and made the 
necessary allowances for turning and facing, to mark out the 
thicknessed stuff from that. Once sawn out, the pieces should 
be kept in a cool place or in water while being worked up, as 
lignum yitae is particularly liable to shake in the joints of the 
annular rings. When driving in, care should be taken not to 
strike on the shoulder {a, Fig. 350), or it will infallibly split 
off. When all are driven in, the step will go into a lathe 
having a slide-rest, to be bored and faced. 

The governor-guide (Fig. 338, o, g), is either cast in a piece 
with the arms or bolted to them afterwards, the latter plan 
being preferable. A small guide would be cored out with 
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Fig. 358. 

segmental cores, a large one struck in loam, for which the 
boards will be like Fig. 352. The arms (Fig. 338, h, h) 
are planed up oval-shaped and mortised into the central boss 
(Fig. 353), and have their flanges screwed on, everything 
being fast, and the moulder joints down to the centre of the 
oval section. 



CnAPTER XXXI. 

BOILER FITTINGS AND MOUNTINGS. 

Dead-pl«te. — Marking and FiUina:. — Fire-bar. — Allowance for Play. — 
Bt^arer. — Door Frame. — Building up of the Pattern. -Door. — Valve 
fc>entings. — Safety-valve Shell. — Valves. — Sweeped Fire-bars. — Mud- 
hole Door Frames. — Man-hole Frames. 

Lancashire and Cornish boilers are fired internally, the latter 
being constructed with a single furnace tube, the former with 
two, and with cross-tubes besides passing through the fur- 
nace. The pattern-maker has to prepare dead-plate, fire-bars, 
furnace front and door, seatings and valves, and other attach- 
ments. Some of these have to be fitted to the boiler, and a 
few general hints relative to these matters may very properly 
be borne in mind. 

The dead-plate (Fig. 356) is that portion of the fire-grate sur- 
face lying just within the front end of the boiler, and it ranges 
from 9 inches to 16 inches or 18 inches in width, according 

to the capacity of the boiler. It slopes 
downwards and backwards, and either 
rests upon angle iron brackets fastened 
to the sides of the fire-box, or simply 
against the boiler sides. In order to fit 
it correctly, the workman marks its posi- 
tion at the boiler front, and also the 
amount of drop or slope which the fire- 
^- 8^- bars make where they abut against the 

bridge (about 1 in 10), and straining a chalk line between 
these points, strikes the line of slope on each side of the fire- 
box. To these lines the dead-plate pattern is fitted, and a few 
chipping strips, a, a, sufficiently thick to compensate for the 
contraction which the plate wiU undergo, and to allow of a 
little fitting besides, are fastened upon the ends. At its front 
end the plate either abuts against or rests upon a flange upon 
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the fire-door frame, and at the back it is recessed, J, to receive 
the ends of the fire-bars. 

The fire-bar is a simple pattern of the annexed shape, 
Fig. 357. It is tapered in section to allow the ashes to fall 
freely downwards, while the upper portion is left parallel to 
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keep the air-space parallel and equal during the burning down 
of the bars. The central thickness pieces, a, a, are put there to 
prevent the twisting of the bar sideways. Bars like this, when 
made in quantity, are usually made from iron patterns, which 
are moulded by simply bedding in. Fire-bars should never 
be made a tight fit, as they expand permanently with the heat, 
but a play of about 1 in 24 should be given at the ends. The 
cast-iron bearers for the bridge and for the fire-bars are made 
of an L or T section, and are fitted similarly to the dead- plate. 
Fig. 358. 

A fire-door frame is shown in plan, and in section in Fig. 
359. The plate, a, is framed together with segmental pieces 
and half -lap joints, preferably to cutting it from a single piece 
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of stuff, since the taking out of the central portion would leave 
short grain at the sides. The hooded portion, b, is glued up 
with thin segments, cut through with gouge and chisel and 
screwed upon the plate. The front, c, is halved together with 
half -lap joints, and screwed to the face edge of the hood. A 
narrow chipping strip, (?, is run round in segments on the face 
which bolts to the boiler, of sufficient depth to dear the rivet 
heads, and a thin facing is bradded to that portion upon which 
the door folds. Lugs, $^ e, e for attachment, and, a lug, f, on 



230 



PATTEBK-MAKnrO. 




FifT. aeo. 



whicli the door hinges, cored out with pocket prints for the 
hinge pin, completes the pattern. 

The pattern of the door (Fig. 360) consists of a thin plate, 

having a couple of hinge lugs and a thin 
facing on the front for chipping. Froyision. 
will often be made for draught by a revolying 
ventilator or a sliding grid, the holes for 
which are cored out. If the fire-hole open- 
ing is wide, a double door is used in prefer- 
ence to a single one. 

Seatings for the yalyes and cocks are made in cast iron, and 
riveted to the boiler. Fig. 361 shows the pattern of a seating 
of this kind. It consists simply of a curved flange, a, 
and boss, b, havine T-headed recesses cast in. The 
flange may either be fitted to the boiler direct, or a 
thin templet of wood may be cut to the curve of its 
diameter, and the pattern worked with a templet 
cut the reverse of this. The flange itself is made 
distinct from the boss part, and the two screwed 
together afterwards. The etuS for the flange being 
planed to a parallel thickness, the hollow face should 
be planed first, and the rounding side gauged and 
cut with a chisel afterwards, remembering ^at the 
rounding of the flange should blend into a hollow 
around the flat face on which the boss is to be 
secured. On this boss, plain, square prints will be 
Fig. 363. nailed, and a core-box shaped like Fig. 362 will 
take out the T-headed recesses. 

The shell of a safety-valve consists of a plain, double-flange 
pipe, with or without a branch for the steam-pipe, depending 
upon whether the steam is taken from the valve or no. Or, if 
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there be two valves, as in large boilers, it consists of a double 
bend pipe (Fig. 363), a core-box (Fig. 364) being necessary 
with the latter. The valves may be flat disc (Fig. 365), 
maintained in position with g^des attached to the seating 
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(Fig. 366), or mitre, with tliree or four wings (Fig. 367), 
having either a top pin, a, or a recess to produce unstable 
equilibrium^ and prevent the tendency to sticking (Fig. 368). 
The patterns of these yalyes are all made like their castings, 
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the wings being cut separately from the discs and studded on, 
either fast or loose. Mahogany should be used, and they 
mould just as they stand when in natural position. 

Vertical boilers, for steam cranes and small stationary en- 
gines, have fire-bars of a sweeped outline (Fig. 369). These 
are sometimes cut out of solid mahogany ; but the best way 
is to build up the rim, a, in segments, and, having cut that to 
shape, to fit the bars, b, already planed to their thickness, into 
very shallow grooves, about A inch deep, cut in the rim. The 
connecting strips, c, are glued in afterwards. These bars rest 
upon a ring of wrought iron set in the interior of the fire-box. 
Mud-hole doors are fitted opposite to every cross tube and 
a^ the bottom of the boiler. These are plain oval castings, 

held in place with a tightening screw. 
When the boiler is cleaded, as these 
vertical boilers often are, the cleading is 
screwed to a casting made to encircle the 
hole. These are of the annexed shape 
(Fig. 370), and being extremely thin, are 
either made from metal patterns or are 
cored out. The man-hole in a cleaded 
boiler has a frame also precisely similar 
(Fig. 371), but, of course, proportionally 
larger. For this a wood pattern is built 
up in segments, and the flat flange which 
takes the cleading being thin, is curved round and fastened 
to the built-up portion. But a metal pattern is necessary for 
durability, and it is cast in iron if for frequent use, or in lead 
if used for different boilers having different diameters, and 
therefore requiring some alteration of curvature. 
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CHAPTEE XXXn. 

WORKSHOP NOTES. 

Allowances for Turning and Planing.— Variable in Amount. — Name- 
plates. — Lead Lf.tters. — Curved ^me Plates. — CHequering of Foot- 
plates — Stock Core-boxes. — Glue. — How to make. — How to Joint. 
— ^hellac Yamish. — Paint. — Faced and Unfaced Portions of Pat- 
terns. — Prints and Bosses. — Pattern Register. — Makeshift Work. — 
Lead. — Plaster of Paris. — Shop Tools. — fcjtamping of Patterns. 

The miscellaneous character of the contents of this chapter 
will render desirable the classification of the subjects under 
their appropriate headings. 

AUowances for Turning and Planing. — The usual 
practice is to allow i inch on iron castings for machining. 
This allows of two cuts being taken in the lathe or on the 
planing machine — a coarse first cut and a fine one for finishing. 
For brass castings one-half only of this allowance is given, 
iV inch. But this, though a general rule, is by no means to be 
universally observed. In a long casting, where there is a 
probability that it will not remain straight in cooling, more 
than the \ inch must be allowed, the precise quantity being 
regulated by the risk and uncertainty present as to the amount 
by which it is likely to buckle. In some lonff, disproportioned 
castings, the allowance may be as much as f inch. Again, in a 
small engine cylinder, i inch in the diameter is ample, but in a 
cylinder of 6 feet or 7 feet in diameter that wotild not be enough 
for safety, owing to the possible inaccuracy of the core and 
the uncertainty about contraction, and we should allow from 
f inch to i inch in diameter. 

Then, on the other hand, a small piece of work need not 
have so much as the usual allowance, because, the surface 
being small, will only be affected by its local roughness and 
slight inequalities, instead of by some other portion of the 
su^ace two or three feet distant being possibly not in the 
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same plane with itself. Neither is a small casting affected by' 
contraction as a large one is ; practically, it does not contract 
at all, since the rapping counteracts or more than counteracts 
its small amount. 

Again, in set work — that is, work which is repeated over and 
over again without any variation — we get to know the amount 
of contraction so exactly, and the least allowance necessary 
for fitting so perfectly, that we can do with less allowance 
than it would be safe to allow for in a first casting. We then 
reduce it to the minimum, so that expense may be lessened in 
the turning and fitting shops. 

Kame-plates. — These are attached to all work leaving the 
shops. They are cast in iron or in brass. The letters put upon 
the pattern are first cast in lead or tin, what are called ** block 
letters " being preferable, because easier to prepare, and not 
diffictdt to mend up if they tear the mould. They have a large 
amount of taper on their edges, and are fastened upon a 
wooden plate, which is usually surrounded with a narrow 
fillet-strip to improve its appearance. The letters are cast 
from metal patterns purchased for that purpose, and sold in 
many different sizes. The pattern-maker, in that case, has to 
file them up smoothly for moulding. Or they may be pur- 
chased by the gross already filed and ready for use. Common 
shellac varnish, especially if thickened with a little powdered 
chalk, will hold them very firmly ; but, if for permanent use, 
small upholsterer's gimp pins, or pins still smaller but of the 
same shape, sold for the purpose by the letter-makers, will 
render them more secure. Larger lead letters, however, say 
from 2 inches upwards, will be screwed on the plate. 

If a name-plate has to fit a curved or crooked casting it 
will be made straight in wood first, then cast in lead and 
bent to shape, and the mould made from the lead pattern. 
It will be as well to make a bottom board of the same shape 
to support the lead pattern during the ramming up. Or the 
pattern will be made straight, cast in yeUow metal or soft 
brass, and bent then to the curve direct. Sometimes the 
maker's name, instead of being bolted to, is cast in a piece 
with the work, the letters being put upon the pattern if cast 
in a vertical position. But if on the side where they would 
not deliver, the name-plate is put into a core-box, and the 
core dropped into a print impression made for its reception. 

Clieqnering. — The chequering of cast-iron foot-plates for 
boiler-rooms, &c., is not always done, as many would suppose, 
in the pattern. The time required for making and naLiag on 
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the lozenge-shaped diamonds on a foot-plate is most deceptiye. 
Hence the method commonly adopted is to naQ a double row 
of ** chequers " on a strip of wood, Eig. 372, and to stamp it 
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Fig. 372. 

in the mould, the hinder row of chequers dropping into the 
front row of impressions last made, and so forming the guide 
for the next row. 

Many items are kept in " stock " in a well-ordered establish- 
ment. Core-boxes for making plain round cores are thus 
always kept on the foundry shelves. A good set should run 
from f inches to 5 inches or 6 inches in diameter, advancing 
by eighths in the smaller sizes and by quarter inches in the 
larger ones. They are made in cast iron, fitted as shown in 
section, Eig. 373, and bored out true in the lathe. Cores 
larger than these are oftener made from wooden boxes, or are 
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struck up on a core-bar. Where the iron pattern rings of 
pulleys are kept in stock, large cores may conveniently be 
made from them ; or if very large — say over 18 inches or 24 
inches — from segment boxes (Fig. 374), six or eight to the 
circle. Square wooden core-boxes are also kept in the foundry. 
Small prints are kept in all their sizes ; and instead of brad- 
ding them on, it is much better to have a standard " stud- 
bit " — i.e. a centre-bit of J inch or ^ inch diameter — and to turn 
studs on all prints to this size, by adopting which method they 
will be always readily interchangeable. 

Glue. — Glue must be kept free from dust and dirt in a cleem 
box. When required for use, the pieces should be washed in 
cold water, broken up small with a hammer, and dropped into 
the middle pot with sufficient dean water to cover ^em well 
over. The bottom pot being about three parts filled with 
water is then put on the stove and simmered, the glue being 
stirred from time to time with a stick, and the scum which 
Tinea ladled off and thrown away. Too great a tempera- 
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ture should be avoided, for that would bum the glue and 
impair its adhesive power. A small cast-iron tank supplied 
with hot water from the waste-steam pipe of the engine aif ords 
a better means of heating the glue than a fire, because then 
the temperature can never exceed that of boiling water. 

Glue joints are made either with the trying plane or with 
a longer plane called a '* jointer." One face, or edge, as the 
case may be, is planed true first, and chalked, then its fellow 
is fitted to the chalked portion. Where the joint is long, two 
men rub it alternately backwards and forwards to work out 
all the superfluous glue and air, and ** set " it when it becomes 
difiicult to move it any more. The pieces thus jointed are 
sometimes secured with cramps, sometimes with staples or 
with weights, or are simply left to themselves — all dependent 
upon the character of the work. Thin pieces having large 
superficies — thin segments, for example — ^have a tendency to 
curl upwards, the joint opening along the edges, owing to the 
swelling action of the moisture. Damping the upper surface 
with hot water from the outer pot counteracts this tendency. 

In winter-time the joints of the pieces to be glued should be 
warmed, else the glue will chill, and never set properly. The 
** thickness" or consistence of the glue is regulated by the 
amount of water present, and should vary with the charac- 
ter of the work, end grain joints or joints running obliquely to 
the grain requiring thicker ^lue than those along the grain, and 
small stulf taking thicker glue than stuff having a large area. 
Both of the joint faces of the wood operated upon should 
receive an application of glue from the brush. From one and 
a half to three hours is sufficient to allow of the drying of the 
joint, more in winter than in summer, though it is always 
better where practicable to give an unassisted joint a night to 
harden. 

Varnish. — ^The varnish of the pattern-maker is made by 
dissolving pale shellac in wood naphtha or in methylated spirit, 
in the proportion of about two pounds to the gallon. The spirit 
should be pure, for if there is water present the varnish will 
dry white and streaky. While dissolving, it should be kept in 
a warm place, and shaken from time to time, or stirred with 
a clean stick. No other ingredient is put in, and the varnish is 
laid on with a brush only. When dry, the grain of the wood 
presents a hard rough surface which is glasspapered down, 
and another coat of varnish is laid on, two coats being the 
usual number for ordinary patterns, three sometimes for 
better work. When a large number of castings are wanted 
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from one pattern it is true economy to preserve the grain 
from the action of the damp sand by a liberal application of 
varnish. 

Faint is often used in preference to yamish in the case of 
large patterns. It gives a harder skin, is cheaper, and if 
plenty of '' driers " is put in it soon hardens. 

We have referred several times to the upper and lower 
parts in moulding as affecting planed and turned metal faces. 
The moulder, in most cases, would not be able to distinguish 
the one from the other in classes of work to which he was 
unaccustomed. Hence it is the custom in some shops to 
indicate the faced and unfaced portions by distinctive colours. 
Thus, if the pattern were varnished with yellow shellac 
varnish, the portions faced might be coloured black or red. 
This practice is often extended to disting^sh prints from 
bosses, which are sometimes confounded by the moulder, 
cores being put into bosses, and prints being cast on. Then 
a third colour would be adopted for all prints. 

Further, to prevent mistakes, and to keep a pattern register 
on the pattern itself, a printed label is sometimes stuck on, 
containing sundry items — as for instance, ** Pattern number, 
A 840 ; Number off, Two ; Cast, this side down, Kame of 
pattern. Steam-chest, For, 12 -horse engine,^^ and perhaps the 
initials of the foreman are added. Or a kind of cheque-book 
is kept by the foreman, and a written order from that book 
given loosely with the pattern to the foreman moulder, the 
counterfoil being kept in the pattern-shop. This might contain, 
** date, order number, number off, name of pattern" In shops 
where little system is observed, because a very limited amount 
of work is done, it is usually considered sufficient to chalk 
on the pattern 1 off, 4 off, 12 off, as the case may be, and to 
give special instruction by word of mouth. 

Work of a makeshift character often has to be done in the 
pattern-shop and foundry. Castings are frequently renewed 
without a wood pattern, the broken or worn casting, as the 
case may. be, being made to do duty as a pattern. Where 
this is the case, aU dirt and grease (which would cause the 
sand to stick) is burnt off ; parts that would not mould by 
reason of their being undercut are filled in with prints, and 
core-boxes made to take out the imdercut portions. Holes 
are filled up and printed ; contraction, if the casting be large, 
is allowed for by thin strips of wood laid against the ends. 
Allowances for turning and planing are made by thin slips of 
wood, or of lead if the surfaces where the allowances are 
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required happen to be curved. Broken wheels are often re- 
placed in this manner, new patterns being expensive. The 
broken teeth are made good by the pattern-maker, the wood 
being fastened to the metal with thick sheUac varnish, and a 
couple of mending-up teeth provided to make good any falling 
down of the moidd. These broken castings require varnish- 
ing in order to draw from the sand. 

Thin sheet lead is very useful in the pattern-shop for lining 
up the patterns of brasses or other bearing parts in order to 
accommodate them for a smaller bore, for thickening up 
curved faces where it would be difficult or impossible to bend 
wood, or for increasing by a slight amount the diameter of 
a pattern — as, for instance, that of a flange or small rigger. 
The lead is fastened on with fine screws or with brads. For 
lesser increments of thickness limp cardboard or thick brown 
paper are serviceable, attached either with glue or shellac 
varnish. Plaster of Paris, too, is almost indispensable in the 
shop. In small work of a temporary character a pattern, or 
some portions of a pattern, or an alteration to an existing 
pattern, can be made in a few minutes with plaster, which 
alteration would take a very much longer time if done in wood. 
And since its purpose is but temporary, it is of no consequence 
if the plaster becomes broken on leaving the mould. 

There is a good deal of rough work, as well as some of the 
very best, done in the pattern-shop. As a rule^ the men who 
do the one class are not employed to any great extent upon 
the other. Among the rougher class of work shop tools take 
an important place, and in a large factory there is always 
sufficient in this line to keep one man constantly employed. 
There are boxes and turn-over boards for the f oiindry, special 
chucks and templets and setting blocks for the turners and 
fitters, bending blocks for the boiler-makers, and dies of all 
descriptions for the smiths. Much special knowledge is re- 
quired in this work — little **tips" and ** wrinkles," as the 
workmen say — and certain allowances, aU essential to the 
perfection of results. So that, after all, the term ** rough" 
rather implies an absence of " finish " in the patterns than a 
slight equipment of technical knowledge or absence of ac- 
curacy. For rough work as applied in this sense a foreman 
or employer will provide special timber. While he will use 
the very best quality board that can be got for the best and 
standard work, he will provide a certain proportion of seconds 
for the rougher work of shop tools, core-box sides, boxed-up 
patterns, and loam-boards. 
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All patterns should be stamped before they go into the. 
pattern stores. They may be stamped by the name of the 
piece of work to which they belong, or by some distinctive 
number, which number is kept in a pattern register, or with 
both together thus : " 4in. thbee thbow pxtmfs. b 482." 
The letter b has this reference : when the registered patterns 
have reached a certain number, say, 1,000 or 10,000, an 
increase in the nimiber of figures is apt to cause inconvenience. 
Hence, there would be ▲ 1, ▲ 2, &c., up to the limit, say 
A 1,000 ; then b 1, b 2, as far as b 1,000 ; afterwards o 1, o 2, 
to 1,000, so that 26,000 patterns might be thus registered. 
The system is an excellent one, and is largely adopted. The 
drawback is, that when patterns have been repeatedly altered, 
as they very often are, for modifications of design and 
difference in dimensions, these registers become comparatively 
valueless unless a very complete record of such alterations is 
kept in the pattern register itself. 



CHAPTEE XXXill. 

THE QUALIFICATIONS OP A PATTEENMAKER. 

Specialisation of Work. — ^Woolwich Arsenal. — ^Mental Loss suffered by 
Machine Hands. — ^Variety in Pattern Work. — Book Knowledge. — 
Need of Technical Education.— The Relation of Study to Work. — 
Principles and Practice. — Projection. — Arithmetic. — Experience. — 
Antiquity of Pattern-making. — ^Its prospects. 

Those who have perused the foregoing chapters will havei 
observed that I have not written to give instruction in the 
manipulation of tools and timber. Such instruction could 
only have been imparted at the sacrifice of an equivalent of 
that more advanced knowledge which I have striven to 
embody therein. I have therefore assumed that those who 
would read this work were already in possession of a certain 
amount of elementary instruction in workshop practice. Hence 
I have written for the apprentice who has learned the first 
lessons of his craft, for the young workman whose experience 
has been limited and opportunities few, for the draughts- 
man who finds himself sadly crippled in designing new work 
through lack of knowledge of pattern-making and mould- 
ing, for the amateur who has learned how to handle tools 
and has.a smattering of engineering construction, and also, I 
trust, for those worfinen — a large class — ^who, in these days 
of extreme specialisation, have been accustomed to one kind of 
work only, without enjoying the opportunity of learning 
aught of any other. There are many men who, having been 
trained in a shop where special work only is done, cannot 
readily turn their hands to any other branch. In their specisd 
groove they get along very weU ; at all else they prove incom- 
petent, simply on account of the initial difficulties which a \ 
little instruction would enable them tc surmount. This evil 
increases year by year, and the praise a fitter once bestowed 
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upon a fellow-workman, to the effect that he was ''a first- 
^Jass slide -yal^^ hand," bears testimony to the manner in 
which work is being cut up, to the advantage of the pur- 
chaser, but to the corresponding intellectual disadvantage of 
the workman. 

Take Woolwich Arsenal, for example, as a type of many a 
smaller factory. There, though one cannot help admiring the 
ingenuity displayed in the designing and peiiecting of the 
numerous and valuable time-saving machines in use through- 
out the place, there is a mournful feeling that the workmen, 
unless their intellectual character be developed in some way 
or another outside and independently of their daily labour, 
must degenerate in time into mere machines also. Think of 
the mental loss suffered by the man who has to cut the dove- 
tails in the ends of the cartridg^e-boxes all the year round — 
who does not even cut them by hand, but merely presents 
those ends to the automatic machine which takes them out. 
Or that mental ennui which must be endured by the man of 
monotonous occupation who glues these dovetailed comers 
together perpetually — pile after pile, hundreds of boxes in 
succession — from whose sense of responsibility even the risk 
of making a bad joint is eliminated by the use of a parallel 
screw clamp of metal. This mental loss is one factor in the 
heavy price we have to pay for our industrial superiority j 
hence the greater need for the cultivation of those technical, 
scientific, and literary aids and recreations which are now 
happily within the reach of every one. 

This is somewhat of a digression, but it illustrates in ratber 
an extreme manner the injury which our modem subdivision 
of labour does to the workman by robbing him of a useful 
range of experience — injury, not only because it renders 
almost unnecessary the continual exercise of his faculties, but 
also by making him incapable of accepting any other situation 
save one involving precisely the same routine of automatic 
labour as that to which he has been accustomed. Now, in 
the case of the pattern-maker, this danger does not exist to 
anything approaching the like degree, because even in a shop 
where but one class of work is done, whether it be locomotive 
or marine engines, cranes, pumps, or anything else, there ia 
much variation in the different patterns for the different parts. 
But still there are very few shops indeed in the kingdom 
where the range of work done is so extensive as that whicb. 
these chapters, now concluded, have embraced. Consequently, 
there are numbers of pattern-makers and draughtsmen; who 
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Lave never had a practical knowledge of so many classes of 
work. And now, having thus far treated of the general 
principles involved in those various types so fully that I 
think it would be impossible to name any special piece of 
work to which those general principles of construction would 
not apply, I propose devoting a last page to the discussion of 
the mental training which should proceed coincidently with 
the practical work of the shop. 

Now I am not going to frighten my ambitious fellow- 
workmen who are desirous of becoming first-dass craftsmen 
by marshalling before them a long array of studies. Book 
knowledge is not indeed really necessary, for I have known 
excellent workmen who were comparatively illiterate men; 
but then they were incapable of ever becoming anything more 
than mere men at the bench. But the time has gone by, I 
think, when the majority of young men were content to 
labour without an aspiration beyond journeyman's wage and 
the coming Saturday night. The workman's mental horizon 
has expanded, and the pleasures of literature and the marvels 
of the wonderland of science occupy the leisure which was 
once idled away in the streets or the public-house. And 
now, as ever, though the average man may not rise above 
the ranks, he is appreciated the more if he has learned the 
fundamental reasons of things, and so can proceed intelli- 
gently at his tasks. 

But even when working at the bench no man knows how 
soon he may be thrown upon his own resources for rough, and, 
ready design. There is many a comfortable shop where one 
or two pattern-makers are kept for repairs, and where there 
is no draughtsman or designer— no one who can render him 
the least assistance. Yet if a man proves himself competent 
to cope with emergencies as they arise, and can do a jab 
quickly and substantially without extraneous assistance, he 
generally has employment so long as he cares to keep it. So, 
too, in many pattern-shops a working foreman only is kept, 
and the men have much more scope for the exercise of their 
talents than in. those larger establishments where draughts- 
men and foremen arrange everything for them. In general 
shops again, the workman will often have new and strange 
jobs given him to do, imlike any that have been done in the 
shop before, for which he should be prepared by a study of 
the principles bearing thereon. In repair and jobbing shop*, 
also, workmen, as well as foremen, are sometimes sent 01 <t 
to receive instructions relative to break-down work and 
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proposed alteratioiis. For these, and many more reasons, 
the pattern-maker's craft is not so easy of mastery as many 
others are, and it should be his aim to prepare himself for 
contingencies that may arise in the routme of bench work, 
and for duties which, ii he ever becomes foreman, he will be 
called upon to perform every day. 

It is of no use to think of becoming a good pattern-maker 
without becoming also, to some extent, a good engineer. A 
man ill-informed in the principles of design hesitates how to 
proceed with a new piece of work, or whether to proceed with 
it at all without calling in some extraneous assistance, simply 
because he does not know the elementary principles on which 
his work is based. A. knowledge of the elements of geometry 
or mensuration would often enable him to mark out and cut 
away his stuff at once, instead of working slowly and doubt- 
fully in the dark. A clear knowledge of the uses to which 
his work is to be put will enable him to bestow greater care 
on parts where the greater accuracy is desired, and to bestow 
less labour on the tmimportant portions, and a knowledge of 
the mechanical laws on which his trade is based will give 
him a vast increase of interest in the details of the "Workshop. 
How delightful to the worker who has also become a student 
to see for the first time in books those things with which 
he has been familiar in the workshop, without knoi^g the 
why and the wherefore — ^to see them explained and illus- 
trated, and to learn that the principles of his dull craft are 
founded on laws as immutable as those which guioe the 
planets. 

Briefly noting the studies by which he should qualify Hm- 
self for his trade, first in the list of his requirements comes 
the statical portion of mechanics. Here he should well 
understand the Parallelogram of Forces, with its modifica- 
tions of the triangle and polygon ; the principle of the lever, 
and the methods of calculating leverages, since these have 
their applications in screws, gearing, belting, girder calcula- 
tions, weighbridges, and so on. He should also be conver- 
sant with the fundamental properties of fluids, as bearing on 
liquid pressure and the flow and efflux of water ; also of atmo- 
spheric pressure as affecting the construction of pumps and of 
steam-engines. Heat, also, as bearing on the expansion and 
contraction of metals, the warming of building^, me economy 
of the steam-engine, and its equivalent in mechanical work 
should be studied. Mensuration of superficies and of solids 
is also a necessary acquirement, as are likewise the commoner 
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problems in plane geometry. And now that electrical 
engineering is coming to the front, he might find it to his 
advantage to understand the principles of dynamical and 
statical electricity, and their application in the construction of 
the dynamo. All these will be studied best in the elementary 
and advanced classes held in all important provincial towns 
in connection with the South Kensington Department — sup- 
plemented, of course, by home rea£ng. Neither will the 
pattern-maker find it so difficult to master the knowledge of 
these things as an unpractical person would do. For he sees 
l^e applications of their principles around him every day of 
his life. They are so perpetually before his eyes that he too 
often fails to observe or to regard them. He has only to 
walk through the factory with his eyes open to see dozens 
of instances of the application of the principles enunciated in 
his books. Hence, what is so dry and difficult of application 
to the mere student becomes instinct with life and fact, and 
plain and practical, to the observant workman. 

A knowledge of drawing is one of the chief requirements 
of the pattern-maker. And by this I do not mean merely a 
skUl in making drawings from copies. A mere tracer can do 
this after a few months' practice, without possessing any know- 
ledge of that which his drawing represents. But by drawing 
I mean the principles of projection as applied to geometric 
figures, in plans, elevations, sections at various angles, and 
80 forth. Mere copying of the so-called mechanical drawings 
provided in the schools of Art is of little or no value ; but 
the student who has thoroughly mastered the principles of 
projection will never experience any serious difficulty either ' 
in making or in understanding an intricate drawing. The 
leisure of a few months devoted to this subject wSl be of 
invaluable service ever afterwards. Most of the drawing 
which the pattern-maker has to do is done to full size upon a 
chalked board, and therefore minute proportion and finish 
are neither looked for nor are they necessary. But he will 
be able to see through an intricate small-scaled general or 
detailed drawing rapidly and accurately^ when he is thoroughly 
conversant with the principles by which its various views are 
projected. 

The scientific knowledge of the studious worker has to be 
put to practical use, and for this information of a more 
technical character must be acquired. Knowing, for instance, 
how to calculate the strains due to the leverages in a certain 
piece of work, we also require to know someSiing about the 
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fitrength of the materials which enter into eng^ecting con- 
struction-^iron, gunmetal, copper, oak, red deal, pitch pine, 
&c. — and how to combine these with our arithmetic in the 
shape of multipliers, coefficients, &c., for tensile, compressive, 
and shearing strains. A knowledge of how to read the 
simpler algebraic formtdse— that is, the meaning of signs, 
brackets, associations of quantities, &c. — ^is necessary, though 
algebra and trigonometery themselyes are not required in tibe 
pattern-shop. Common arithmetic will enable tiie workman 
to perform all the calculations he will have to do ; and by 
common arithmetic I mean the elementary rules, together 
with proportion, decimals, and evolution of the square and 
cube roots. 

Lastly, there is that experience which, in the course of 
time, bears the semblance of intuition — that experience which 
comes of close and long-continued observation, and is invalu- 
able to its possessor. Such intuition is far superior to mere 
book learning — infinitely better than an exhaustive study of 
all the text-books without it. Tet when the two are harmoni- 
ously combined, the result is a full and ready workman who 
keeps his situation through slack as through busy times, 
because he has rendered himself so valuable to his employers 
that they are loth to let him go. Such it should be me aim 
of every workman to become, and even though he may not 
perhaps attain the highest prizes, he can never receive that 
contempt which is awarded freely to the indolent and in- 
competent. 

I have ever loved the trade of my choice. I prefer it to 
any other with which I am acquainted, and I like it mainly 
because of the variety of employment which it afiPords, em- 
bracing as it does the whole range of the engineer's know- 
ledge, designing, moulding, fitting, and the application of 
many branches of science beside. It would not do for us all 
to think alike ; but I should not like to be making table-tops 
aU my life, nor framing chests of drawers together year after 
year, nor French polishing till my hair turned grey. I love 
fhin trade because the continual change of work requires a 
constant exercise of the mental faculties, at once pleasing 
and healthful, and invests subjects apparently dry with an 
ever-new interest. My pattern-making is also of very high 
antiquity, since some Neolithic fellow-craftsman must have 
modelled the pattern of the metal mould, with its gate and 
nmner and dowels, from which the first bronze user made 
jiis first hatchet or chisel of metal. And it can never be 
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superseded, since no machine can ever take the place of 
intelligence in the construction of patterns whose types and 
dimensions are seldom exactly alike. 

My task is done. From beginning to end mine has been 
a pleasant occupation. I have striven to make this volume 
supply a want which I have experienced in former years, 
and trust that it may be of service to others in years to come. 
The tvpes of machinery are ever varying, but Hie principles 
which He at the foundation of their pattern-making must ever 
remain the same. 
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206-560 
207-345 
208-131 
208-916 
209-701 
210-487 
211-272 
212-058 
212-843 
213-628 
214-414 
215-199 
215-985 
216-770 
217-555 
218-341 
219-126 
219-912 
220-697 
221-482 



2874-76 
2898-56 
2922-47 
2946-47 
2970-57 
2994-77 
301907 
3043-47 
3067-96 
3092-56 
3117.25 
3142 04 
3166-92 
3191-91 
3216*99 
3242-17 
3267-46 
3292-83 
3318-31 
3343-88 
3369*56 
3395-33 
3421-20 
3447-16 
3473-23 
3499-39 
3525-66 
366201 
3578-47 
3606-03 
3631-68 
3668-44 
3686-29 
3712-24 
3739-28 
3766-43 
8793-67 
3821-02 
3848-46 
3875-99 
3903-63 
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Dia- 
meter. 

71 

71J 

7H 
71* 
72 

72i 
72i 
72f 
73 
73i 
73J 
73* 
74 
74i 
74* 
74* 
75 
75i 
75J^ 
75* 
76 
76J 
76* 
76* 
77 
77* 
77* 
77* 
78 
78* 
78* 
78* 
79 
79* 
79* 
79* 
80 
80* 
80* 
80* 



Circum- 
ference. 



222-268 
223053 
223-839 
224-624 
225-409 
226-195 
226-980 
227-766 
228-551 
229-336 
230-122 
230-907 
231-693 
232-478 
233-263 
234049 
234-834 
235-620 
236-405 
237- 190 
237-976 
238-761 
239-547 
240-332 
241-117 
241-903 
242-688 
243-474 
244-259 
245-044 
245-830 
246-615 
247-401 
248-186 
248-971 
249-757 
250-542 
251-328 
252-113 
252-898 
253-683 



Area. 



3931-36 
3959-20 
3987-13 
401516 
4043-28 
4071-51 
4099-83 
4128-25 
4156-77 
4185-39 
4214-11 
4242-92 
4271-83 
4300-85 
4329-95 
4359-16 
4388-47 
4417-87 
4447-37 
4476-97 
4506-67 
4536-47 
4566-36 
4596-35 
4626-44 
4656-63 
4686-92 
4717-30 
4747-79 
4778-37 
4809-05 
4839-83 
4870-70 
4901-68 
4932-75 
4963-92 
4995-19 
5026-56 
5058-00 
5089-58 
5121-22 



Dia- 

meter. 



Circum- 
ference. 



81 

81* 

81* 

81* 

82 

82* 

82* 

82* 

83 

83* 

83* 

83* 

84 

84* 

84* 

84* 

85 

85* 

85* 

85* 

86 

86* 

86* 

86* 

87 

87* 

87* 

87* 

88 

88* 

88* 

88* 

89 

89* 

89* 

89* 

90 

90* 

90* 

90* 

91 



254-469 
255-254 
256-040 
256-825 
257-611 
258-396 
259-182 
259-967 
260-752 
261-537 
262*323 
263-108 
263-894 
264-679 
265-465 
266-250 
267036 
267-821 
268-606 
269-392 
270177 
270-962 
271-748 
272-533 
273-319 
274-104 
274-890 
275-675 
276-460 
277-245 
278031 
278-816 
279-602 
280-387 
281-173 
281-958 
282-744 
283-529 
284-314 
285-099 
285-885 



Area. 



5153-00 
5184-84 
5216-82 
5248-84 
5281-02 
5313-28 
5345-62 
5378-04 
5410*62 
5443-24 
5476-00 
5508-84 
5541-78 
5574-80 
5607-95 
5641-16 
5674-51 
5707-92 
5741-47 
5775-09 
5808-81 
5842-60 
5876-55 
5910-52 
5944-69 
5978-88 
6013-21 
6047-60 

6082-13 
6116-72 
6151-44 
6186-20 
6221-15 
6256*12 
6291-25 
6326-44 
6361-74 
6399*12 
6432-62 
6468-16 
6503-89 
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Dia- 


Circum- 




Dia- 


Circum- 


« 




meter. 


ference. 


Area. 


meter. 


ferenoe. 


Area* 




91* 


286-670 


6539-68 


93| 


294-524 


6882-92 


91* 


287-466 


6573-56 


94 


295-310 


6939-79 




91f 


288-242 


6611-52 


94i 


296-095 


6976-72 




92 


289027 


6647-62 


94i 


296*881 


7013-81 




92i 


289-812 


6683-80 


94f 


297-666 


7050-92 




92^ 


290-598 


6720-07 


95 


298-452 


7088-23 




92^ 


291-383 


6756-40 


95i 


299-237 


7125-56 


I 


93 


292-168 


6792-92 


95i 


300-022 


7163-04 




93i 


292-953 


6829-48 


95^ 


300-807 


7200-56 




93^ 


293-739 


686616 


96 


301-593 


7238-24 

















Table of Sqxtabss, Cubes, Squahb Boots, and 

Cube Boots. 



Number. 


Square. 


Cube. 


Square Boot. 


Cube Boot. 


1 


1 


1 


1-0 


10 


2 


4 


8 


1-41421 


1-2599 


3 


9 


27 


1-73206 


1-4423 


4 


16 


64 


2-0 


1-5874 


5 


25 


125 


2-23607 


1-7099 


6 


36 


216 


2-44949 


1-8171 


7 


49 


343 


2-64575 


1-9129 


8 


64 


512 


2-82843 


20 


9 


81 


729 


30 


20801 


10 


100 


1000 


3-16228 


2-1544 


11 


121 


1331 


3-31663 


2-2239 


12 


144 


1728 


3-46410 


2-2894 


13 


169 


2197 


3-60555 


2-3513 


14 


196 


2744 


8-74166 


2-4101 


15 


225 


3375 


3-87298 


2-4662 


16 


256 


4096 


4-0 


2-5198 


17 


289 


4913 


4-12311 


2-5713 


18 


324 


5832 


4-24264 


2-6207 


19 


361 


6859 


4-35890 


2-6684 


20 


400 


8000 


4-47il4 


2-7144 
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Number. 


Square. 


Cube. 


Square Boot. 


Cube Boot. 


21 


441 


9261 


4-58258 


2-7589 


22 


484 


10648 


4-69042 


2-8020 


23 


529 


12167 


4-79583 


2-8439 


24 


576 


13824 


4-89898 


2-8845 


25 


625 


15625 


50 


2-9240 


26 


676 


17576 


5-09902 


2-9625 


27 


729 


19683 


5-19615 


30 


28 


784 


21952 


5-29150 


3-0366 


29 


841 


24389 


5-38517 


30723 


30 


900 


27000 


5-47723 


3-1072 


31 


961 


29791 


5-56776 


31414 


32 


1024 


32768 


5-65685 


3-1748 


33 


1089 


35937 


5-74456 


3-2075 


34 


1156 


39304 


5-83095 


3-2396 


35 


1225 


42875 


5-91608 


3-2711 


36 


1296 


46656 


6-0 


3-3019 


37 


1369 


50653 


6-08276 


3-3322 


38 


1444 


54872 


6-16441 


3-3619 


39 


1521 


59319 


6-245 


3-3912 


40 


1600 


64000 


6-32456 


3-4199 


41 


1681 


68921 


6-40312 


3-4482 


42 


1764 


74088 


6-48074 


3-4760 


43 


1849 


79507 


6-55744 


3-5034 


44 


1936 


85184 


6-63325 


3-5303 


45 


2025 


91125 


6-70820 


3-5569 


46 


2116 


97336 


6-78230 


3-5830 


47 


2209 


103823 


6-85566 


3-6088 


48 


2304 


110592 


6-92820 


3-6342 


49 


2401 


117649 


7-0 


3-6593 


50 


2500 


125000 


7-07107 


3-6840 


51 


2601 


132651 


7-14143 


3-7084 


52 


2704 


140608 


7-21110 


3-7325 


53 


2809 


148877 


7-28011 


3-7563 


54 


2916 


157464 


7-34847 


3-7798 


55 


3025 


166375 


7-4162 


3-8029 


56 


3136 


175616 


7-48332 


3-8259 


57 


3249 


185193 


7-54983 


3*8485 


58 


3364 


195112 


7-61577 


3-8709 


59 


3481 


205379 


7-68115 


3-8930 


60 


3600 


216000 


7-74597 


3-9149 


61 


3721 


226981 


7-81025 


3-9365 


62 


3844 


238328 


7-87401 


3-9579 
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Number. 


Square. 


Cube. 


Square Root. 


Cube Root. 




63 


3969 


250047 


7-93725 


3-9791 


64 


4096 


262144 


8-0 


4-0 




65 


4225 


274625 


8-06226 


4-0207 




66 


4356 


287496 


812404 


40412 




67 


4489 


300763 


8-18535 


40615 




68 


4624 


314432 


8-24621 


4-0817 




69 


4761 


328509 


8-30662 


41016 




70 


4900 


343000 


8-36660 


4-1213 


t 


71 


5041 


357911 


8-42615 


4-1408 




72 


5184 


373248 


8-48528 


41602 


♦ 


73 


5329 


389017 


8-54400 


4-1793 




74 


5476 


405224 


8-60233 


4-1983 




75 


5625 


421875 


8-66025 


4-2172 




76 


5776 


438976 


8-71779 


4-2358 




77 


5929 


456533 


8-77496 


4-2543 




78 


6084 


474552 


8-83176 


4-2727 




79 


6241 


493039 


8-88819 


4-2908 


^ 


80 


6400 


512000 


8-944 


4-3089 




81 


6561 


531441 


90 


4-3267 




82 


6724 


551368 


9-05589 


4-3445 




83 


6889 


571787 


9-11043 


4-3621 




84 


7056 


592704 


9-16515 


4-3795 




85 


7225 


614125 


9-21955 


4-3968 




86 


7396 


636056 


9-27362 


4-4141 




87 


7569 


658503 


9-32738 


4-4314 




88 


7744 


681472 


9-38083 


4-4479 




89 


7921 


704969 


9-43398 


4-4647 




90 


8100 


729000 


9-48683 


4-4814 




91 


8281 


753571 


9-53939 


4-4979 




92 


8464 


778688 


9-59166 


4-5144 




93 


8649 


804357 


9-64365 


4-5307 




94 


8836 


830584 


9-69536 


4-5468 




95 


9025 


857375 


9-74679 


4-5629 




96 


9216 


884736 


9-79796 


4-5789 




97 


9409 


912673 


9-84886 


4-5947 




98 


9604 


941192 


9-89949 


4-6104 




99 


9801 


970299 


9-94987 


4-6261 




100 


10000 


1000000 


10-0 


4-6416 
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Table op the Weight of Cast-ieon Balls. 



1 
Diam. 
in 


Weight 


Diam. 
in 


Weight 


Diam. 
in 


Weight 


inches. 


in lbs. 


inches. 


in lbs. 


inches. 


in lbs. 


2 


110 


6 


29-72 


10 


137-71 


2i 


1-57 


H 


33-62 


104 


148-28 


2i 


215 


64 


37-80 


104 


159-40 


2i 


2-86 


6i 


42-35 


104 


171-05 


3 


3-72 


7 


47-21 


11 


183-29 


3* 


4-71 


74 


52-47 


114 


19610 


Si 


5-80 


74 


58-06 


114 


209-43 


H 


7-26 


n 


6409 


114 


223-40 


4 


8-81 


8 


70-49 


12 


237-94 


4i 


10-57 


84 


77-32 


124 


253-13 


44 


12-55 


84 


84-56 


124 


268-97 


4f 


14-76 


8* 


92-24 


124 


285-37 


5 


17-12 


9 


100-39 


13 


302-41 


H 


19-93 


94 


108-98 


134 


320-80 


54 


22-91 


94 


118-06 


134 


338-81 


5* 


26-18 


94 


127-63 


134 


357-93 



Table op the Weight of Solid Oylindees m Oast Ibon, 

One Foot long. 



Weight) 
in lbs. j 



Diameters in inches. 



1 



2-4 



2 



9-9 



21-9 



390 



61-0 



6 



89-0 



120-0 



8 



1560 



9 



1980 



1 
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Table of Deoimai:. Eqttiyalents. Oke Inch the Iktegeb. 



•96875 


= i and A- 


•46875 


— 


land A 


•9375 


= * ., tV 


•4375 


:^i 


t » tV 


•90625 


= * ., A 


•40625 


^z 


* „ A 


•875 


= * 


•375 


ss 


* 


•84375 


= * „ A 


•34375 


z^ 


* ,. A 


•8125 


= J M A 


•3125 


z^ 


i „ tV 


•78125 


= * „ t^# 


•28125 


^z 


i ,. A 


•75 


= * 


•25 


^z 


i 


•71875 


= « „ A 


•21875 


^n 


i » A 


•6875 


= * » tV 


•1875 


:^ 


i » iV 


•65625 


= 1 „ A 


' •I 5625 


=z 


i » A 


•625 


= 4 


•125 


s: 


t 


•59375 


= * „ A 


•09375 


:= 


A 


•5625 


= i „ A 


•0625 


^z. 


A 


•53125 


= * „ A 


•03125 


zz 


A 


•5 


= i 









Table of DEcnf al Equivalents. One Foot the Integeb. 



•9166 


— 


11 inches. 


•1666 =2 inches. 


•6338 


^•'" 


10 




•0833 = 1 inch. 


•75 


zz 


9 




•07291 = i of inch. 


•6666 


^^ 


8 




•0625 = J „ 


•5833 


izn 


7 




•05208 = 1 „ 


•5 


z^ 


6 




•04166 =z I „ 


•4166 


= 


5 




•03125 = f „ 


•3333 


= 


4 




•02083 = i „ 


•25 


= 


3 




•01041 = i „ 



▲FPEIO)!^* 
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Table of Dimensions fob Fife Flanges and Sockets. 



Diameter 


Diameter of 


Thickness 


No. of 


Bore of 


Depth of 


of Pipe. 


Flange. 


of Flange. 


Bolts. 


Socket. 


Socket. 


Inches. 


Inches. 


Inches. 




Inches. 


Inches. 


2 


6 to 6^ 


i 


4 


H 


2i 


3 


7i„ 8 


i 


4 


4* 


3 


4 


8i ,. 9 


i 


4 


H 


3* 


5 


10 „ lOi 


i 


6 


6i 


4 


6 


11 „11J 


a. 

• 


6 


n 


4i 


7 


12 „13 


* 


6 


8f 


4* 


8 


13 „14 


* 


6 


9f 


4* 


9 


14 „15 


* 


6 


11 


4* 


10 


16 


1 


6 


12 


4* 


11 


17 


1 


6 


13 


4* 


12 


18 


1 


6 


14 


4i 



The above dimensioiLS are good, but not arbitrary. The 
usages of manufacturers differ, some making their flanges 
smEdler, others larger than these. Obviously, too, the pro- 
portions and the number of bolts and flanges will vaiy with 
the strains the pipes have to bear. 
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Acacia for cogs, 44 

Advantages of scientific knowledge, 
242 

Advantages of green sand mould- 
ing, 225 

Air-vessel, 211 

Allowances for turning and plan- 
ing, 232 

Angles in castings, 26 

Antiquity of pattern-making 244 

Apple-tree wood for cog^, 44 

Approximate formula for weights 
of wheels, 130 

Arcs of large radius, 221 

Areas of circles, Appendix, 246 

Arithmetic, 244 

Arms of wheels, 16, 25, 31, 39, 41, 
47, 160 

Arms of flywheels and pulleys, 86, 
88, 96, 99 

Balls, cast-kron, weights of, Ap- 
pendix, 266 
Bars of foundry boxes, 184 
Barrels for crane chains, 164 
Baseplates, 72 
Bearer for fire-hars, 229 
Bearing, engine-bed, 75 
Beech for cogs, 44 
Beeswax for metal pattenu^ 89 
Belt pulleys, 84 
Bends, 111—115 
Bevel-wheels, 28 

arms of, 31, 150 

building up of, 80 

marking out, 29 

machine-made, 40 

turning, 30 
Blacklead and soap, a lubricant, 106 



Blades of screws, 177^182 
Blocks for working wheel teeth, 22, 
23 

for teeth of machine wheels, 
38, 42 
Boards for striking bairels, 166— 
170 

capstans, 146 

cylinders, 68—70 

flywheels, 79 

pipes, 116, 116 

machine wheels, 40, 41 
Boards, turn-over, 185, 186 
Body flanges for pipes, 107 
Boiler fittings and mountings, 228 

—231 
Bosses of flywheels, 80, 83 

pulleys, 86, 88 

screws, 181 

to diHtinguish from prints, 236 

of water-wheels, 219 

of cog-wheels, 16 
Book knowledge, 242 
Bottom boards, 185 

plate for loam work, 67 
Boxes for moulding, 183 
Boxing up of patterns, 74, 191, 199 
Bracket for gasholder, 134 
Branch pipes, fitting of, 109 
Brass, contraction of^ 3 

dowels, 166 

faces for cocks, 212 

multiplier for, 132 

patterns, 214 

to estimate weight of, 127 

work, 214 
Brazing metal, 212 
Breadth of wheel teeth, 16 
Breaking strength of wheel teeth, 49 
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Bricking up of ejlindsn, 68 
Broken outinga, tomonld from, 236 
Buckling of cutings, 76 
Building up of pattens, 17, 78, 97 
Bursting of mortiae wheel rims, 46 

CAMTILSmS, 49 

Capstans, 144—148 
Carbonic oxide in mould, 67 
Cast iron {Set Jbov) 
Cast-iron oalls, weight of^ Appen- 
ds 266 
Casting brass &ees to cocka, 212 
Castinffs, the use of hollows in, 26 

estmiatin^ weights of, 126—132 
Calculating diameteia and pitches 

of wheeb, 60 
Centre-plates, 169 

square, 161 
Chain barrels, 164—170 
Chaplets, 192 
Check for loam joint, 68 

of striddes, 116 
Chequering of foot-plates, 238 
Chilled work, 171—174 
Chisels for turning, 19 
Choice of rolling circles, 16 
Chord of drole, 219 
Circles, areas, circumferences o^ 

Appendix, 246 
Clips used in chilling, 174 
Cocks, 207—216 

Cogs, driving and securing of, 46, 
46 

woods used for, 44 
Columns, fluted, 118—122 

octagonal, 123 

cores for, 122 
Contraction of brass, 8 

iron, 3 

for metal patterns, 89 

rule, 3 
Comparison of Tarious methods of 

making wheel teeth, 23 
Oore-bars, 122, 188 
Core-boxes for cylinders, 64, 66, 70 

engine beds, 76 

flywheel arms, 80, 83 

globe-yalves, 216 
kthe beds, 200 
machine wheels, 38, 41 
mortise, 44 
of large diameter^ 234 






Core-bozea— pumps, 207 — ^213 

sheaye-wheels, 98 — 103 

sluice-cooks, 212 

stock, 234 

turbines, 223, 224 

water-wheeb, 218 

prints, 61^-67 
Cores for strainers, 211 

striking of, 116—117 

striddmg, 122, 146 

threading of, 122 

Tenting of, 67 
Coring holes in flanges, 108 
Crossheads, 92, 93 
Crystals in iron, 26 
Cubes, cube roots, table o^ Ap- 
pendix, 262 
Curving of engine beds, 76 

gutters, 187 

name-plates, 233 

pulley arms, 86 
Cuttmg wooden cogs, 46 
Cydoidal teeth, 14 
Cylinders, loam, 67 — 71 

pattern, 68 — 66 

solid, weight of, Appendix, 
266 . 

Dbad-platb for boiler, 228 
Deoimal equiyalents, table of. Ap- 
pendix, 266 
Decimals useful in calculations, 132 
Decomposition of water in a mould, 

67 
DeliTery-box, 208 
De]>th of prints, 62 
Designing pulley arms, 86 

whed teeth, 9—14 
Development of screws, 176 — 181 
Diagram of crystals in cast-iron, 26 
Diagonals for worm, 84 

screw, 176 
Diameters of wheels, to calculate, 60 

table of, Appendix, 268 

of circles, table of. Appendix, 
246 

screws, 176 
Discs for turbines, 224 
Disproportioned castings, 84 
Division of labour, 1 
Door-frame for boiler, 229 

man-hole, 231 

mud-hole^ 231 
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Dovetailing of teeth, 22 
Dowels, 156—167 
Dowelling, 167 
Driving in of oogfl, 46 
Drawbacks, 133—141 
Drawing-boards, 6 
Drilling-machines, 194—196 

EoeiNTRio sheaves, 90 

strap, 90 
Eighth bends, 111 
Engine bed, 72—77 

cylinders, 58 — 71 

work, miscellaneous, 90 — 94 
Epicydoidal teeth, 7, 14 

mode of forming, 9, 14 
Equivalents, decimal, table of. Ap- 
pendix, 256 
Estimating weights of castings, 126 

—132 
Experience, the value o^ 134, 244 
Exhaust core-box, 66 
Eyes in castings, 66 

Fached and unfeused portions of cast- 
ing, 236 
Facings for brasses, 89 
Fastening letters to name-plates, 

233 
Feet of cylinder, 63 
Fitting, allowances for, 199, 232 

dovetailed teeth, 22 

lignum vitffi bearings, 226 

wooden cogs, 46 
Fire-bar, straight, 229 

sweeped, 231 
Fire-door, 230 

frame, 229 
Flanges, body, 107 

proportions of, table of. Ap- 
pendix, 257 

of columns, 121 

holes in, 108 

of pipes, 107 

stopping ofif, 161 
Flasks, 183 

Fluted columns, 1 1 8— 1 26 
Flutes, jointing of, 120 
Foot-plates, chequering of, 233 
Footstep bluing of turbine, 226 
Force-pump, 213 

Formuia for calculating weights of 
wheels, 130 



Formula for finding the versed 
sine, 221 
for pulley arms, 85 

bosses, 86 
for wheel calculations, 16, 16 
Foundry requisites, 183—188 
Foundation for loam mould, 67 
Framings of madiines, 189 
Friction of deep pattenis, 168 

Gap bed, 199 
Gtmes in a mould, 67 
Ghisholder bracket, 135 
Gauge, long-toothed, 161 
Clearing, bevel, 28—31 

maciiine-made, 37—42 

spur, 13—27 

wooden, 46, 46 

worm, 32—36 
Generating circle, 13, 14 
Girders, 137, 138 
Glasspapering of teeth, 24, 86 
Globe valve, 216, 216 
Glue joints, 236 

making, 234 
Gluing segments of wheels, 18 
Gouge for taming, 19 
Governor ring of turbine, 224 
Gravity, specific, 127 
Green sand moulding, 40, 226 
Grids, 136 
Grindymg goufe, 19 
Grooves in pmleys, 95 
Gunmetal castings, 214 

contraction of, 3 

faces in valves, 212 

multiplier for, 132 

name-plates, 233 
Gutters, 186 
Guide-iron, 116 

line, 114 
Guides for piston-rod, 93 

H-SHAFED arm core-boxes, 39 
Half shrouding, 48 
Head metal of cylinders, 60 
Heavy machine work, 189 — 196 
Hints on study, 242, 243 
Holes, casting of, 61 — 57 
Hollow framing of machines, 189 
Hollows in casting^, 26 
Horizontal engine bed, 72 — 77 
Hornbeam for cogs, 44 
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HydnuiliowoA, 207->227 
Hydrogen in mouldy 67 

iNTOLvn teeth, 10 
In>n,~baU8, weight id, taUa oi^ 
Appendix, 265 

contraction o^ 3 

coro-boxei» 234 

oylinden> weight o^ 181. Ap- 
pendix, 265 

cryaUls in, 26, 171 

dowels, 166 

lifting-platet 168 

molt^ temper^ue oty 67 

multiplier for, 126 

pattemB, 88 

rapping-platea^ 168 

•ockets, 108 

unequal contraction oif 3 

weight of, 126 

Jaooxno of wrought-iron armB, 83 
Joint boarda, 184 
Joints, glued, 236 

open, 36, 193 

sand, 136 
Jointing,— of brass work, 186, 214 

chiDs, 173, 174 

columns, 120, 123 

cylinders, 69, 71, 140 

drawbackB, 136 

flywheel cores, 81 

flutes, 120 

girders, 137, 138 

lathe beds, 142 

loam moulds, 68, 71, 168—170 

machine wheel moulds, 40, 41 

pulleys, 87 

pumps, 208 — 210 

screws, 176 — 182 

sheave-wheels, 96 — 103 

turbine guides, 222 

turned work, 160 

valves, 216 

Est boss, 86 

Laooino np of cylinders, 60 

pipes, 106 
Lap and lead, to mark on eccentric 

90 
Lathe beds, 142, 197—201 

poppets, 206 

slide-rest, 202—204 



Lathe standard, 205 
Leadj^-letters, 233 

multiplier for, 132 

in pattern-shop, 237 

patterns, 89 
Lifting barrels, 164—170 

plates, 168 

straps, 169 
Lignum vit» for turbine step, 226 
Loam boards, —for barrels, 166-170 

capstan, 146 

columns, 119 

cylinders, 68^-70 

pipes, 109 

pumps, 210 

turbines, 226 
Loom bricks, 70 

moulds, 67, 109, 168 

patterns, 109, 114, 146, 166 

screws, 181 
Long-toothed guage, 161 
Loose pieces, 149 
Lubricant — soft soap, 106 
Lugs, — for moulding box, 184 

splitting wheels, 47 

MAcuiNs-moulded wheels, 37—42 

parts, 189, 196 
Mahoguiy for patterns, 4 
Makeshift work, 236 
Man-hole frame, 231 
Measurement of wheel pazts^ 128 
Mending up, 225 
Metal patterns, 88 
Metals, multipliers for, 132 
Method of estimating weights, 126 

—132 
Method of using odontograj^, 9 
Mill gearing, 43 
Millwrights, 1 
Mitre-wheels, 28 
Moisture in a mould, 57 
Mortise-wheels, 43 46 
Moulding-boxes, 183 

of barrels, 164 — 170 

capstans, 144 — 148 

•olumns, 118 — 126 

cylinders, 58 — 71 

engine beds, 73 

flywheels, 79—83 

lathe beds, 142—197 

machine parts, 190 — 196 

wheels, 37—42 
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Moulding pipes, 105 — 117 
pmnps, 207-— 210 
screws, 176 — 182 
sheaye-wheels, £|5 — 104 
turbines, 221—227 
various ways of, 132 — 143 

Mouldings on columns, 121 

Moulds — green sand, 40, 225 
loam, 67—71, 168 

Mud-hole frames, 231 

Namb-plates, 233 
Nave of wheel, 16 
Notes, workshop, 232—238 
Number of teeth in wheels, table 
of, Appendix, 258 
to calculate, 50 
Nut for sluice cock, 213 

Oax for cogs, 44 

Object in jointing patterns, 105 

Odontograph scale, 8 

Open joints, 35, 193 

Ornamental columns, 118—126 

Oxygen in mould, 67 

Papbb joints, 17 

templets, 34, 175 
Paint for patterns, 236 
Passages of cylinders, 64, 66 
Pattern register, 238 

screws, 1 75-— 179 

timber, 4, 237 

wheels, 17—36, 42, 48 
Patterns, for gunmetal, 214 

metal patterns, 89 

maker, qualificatians of, 239 — 
245 

tools of, 2 

work, variety in, 240 
Peg-and-cup dowels, 166 
Pegs, wooden, 31 
Pile screws, 177 
Pine, yellow, for patterns, 4 
Pinning of cog^, 46, 46 
Pipe flanges, proportions of, table 
of. Appendix, 267 

sockets, 267 
Pipes, strainer, 211 

estimating weight o^ 131 

stopping off, 161 
Piston-rod guides, 93 



Fitch of bevel-wheels, 29 

spur-weels, 7 

worm-wheels, 36 

screws, 175 

to calculate, 60 

diameters of wheels, table of. 
Appendix, 268 
Planing, aQowances for, 232 

a glue joint, 236 
Planing-machine bed, 190 

stemdard, 191 

table, 193 
Plaster of Paris, 237 
Plate dowels, 166 

moulding, 187, 188 
Plates for lifting and rapping, 168 

for splitting wheels, 47 

tank, stridding of, 154 

thickening of in casting, 8 
Plug for sluice-cock, 213 
Pocket prints, 53 
Pressure in mould, 183 
Prevention of curving in engine 
beds, 76 

in gutters, 186 
Prints for mortise-wheels, 44 

stopping off, 63, 161 j 

thickness of, 63 

to distinguish, 236 
Projection of bevel-wheel teeth, 29 

of wave-wheels, 102 

value 0^ 243 
Propeller screws, 180—182 
Proportions of moulding-boxes, 183 

pulley arms, 85 
„ boss, 86 

wheel arms, 15 
boss, 16 
rim, 16 
„ teeth, 12 
Pulleys, 84—89 
Pumps, 207—211 

Qualifications of pattern-maker, 
239—245 

Qualities of iron as affecting con- 
traction, 8 

Quarter bends, 111 

Rack struck with odontograph, 32 
Radial drill, 194—196 
Radii of large size, 221 
Radius finder, 162 
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Bapping of patterns, 127, 168 
Rapping-platet, 168 
Bataoa of wheels, 60 
Beasoos why castings Tsry, 8, 168 
Beducing pipe, 112, 117 
Register of patterns, 238 
Bemarks on turning-tools, 19 
Bestoflathe, 202— 205 
Bims of beTel-wheels, 30 

flywheels, 78, 79 

machine wheels, 39 — 42 

mortice-wheels, 43 

pulleys, 84 

spur-wheels, 16, 171 

worm-wheels, 32, 33 
Bing, moulding of, 153 
Boiler, chUled, 173 
Boiling circles, 7, 13 
Bope-wheels, 101—103 
Bound-nose for turning, 19 
Bounding of pulley rims, 86 
Bttle, contraction, 3 
Bules for calculating wheel teeth, 

66 
Busting of metal patterns, 89 

S-PIFBS, 114 

Saddle of rest, 202, 203 

Safety-yalves, 231 

shells of, 230 
Bawing of cogs, 44 
Scale,— odontograph, 8 

for proportions of wheel teeth, 
12 
Science, the study of, 242 
Screws, 176—182 
Screw hairels, 166—170 
Searing of rough patterns, 184 
Seating of yalve, 230 
Segments for bevel wheels, 30 

spur-wheels, 17 
Segment screws, 177 

of teeth, 220 
Set squares, 214 
Shape of wheel-teeth, 6 
Sheave-wheels, 95—103 
Shop tools, 169—163 
Shrouding of turhines, 224 

water-wheels, 219 

wheel teeth, 48 
Shellac varnish, 236 
Side chisel for turning, 19 
Skeleton patterns, 162—164 



Skewers, 66, 73 

Slide-valves, 91—92 

Sluice-cocks, 212 

Small brass work, 214 

Sockets of pipes, table of. Appendix, 

267 
Soft soap, a lubricant, 106 
Specific gravities, 127 
Specialities, 166—169 
Special tools, 169—163 
Specialisation of work, 1, 239 
Splitting of pulleys, 88 

wheels, 46 
Sprocket-wheels, 103 
Spur-wheels, 9 — 27 
Squares, table of. Appendix, 262 
Square roots, table of. Appendix, 

252 
Stamping of patterns, 238 
Standard of planing-machine, 191 
Staples, 160 
Steady for lathe, 106 
Steam cylinders, 58 — 71 
Step of turbine, 226 
Stopping off, 160—152 
Strainer for pipes, 211 
Straps for lifting, 159 
Strap pullevs, 84 — 89 
Strength of wheel teeth, 49 
Strickling tank-plates, 1 54 
Striking -boards for barrels, 164 — 
170 

bends of pipes, 116 

capstans, 144—146 

cylinders, 67 — 71 

flywheels, 79 

machine wheels, 40, 41 
Study, course of, 242 

and work, 244 
Suction-box, 207 
Surfftce-plate, how moulded, 149 
Sweep for flywheel, 82 

Tablb of planing machine, 193 
Tables of— 

diameters, areas, and circnm« 
ferences. Appendix, 246 

decimal eqmvalents, Appen- 
dix, 256 

square and cube roots, Ap- 
pendix, 252 

squares and cubes, Appendix. 
252 
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Tableflof— * 

dimensioiis of pipe flanges, 
Appendix, 257 

dimensions of pipe sockets. 
Appendix, 267 

pitches and pitch diameters, 
Appendix, 258 

weights of solid cylinders. 
Appendix, 255 

weights of iron balls, Ap- 
pendix, 255 
Tank-plates, strickling of, 154 
Taper, — ^engine beds, 73 

lathe beds, 199 

patterns, 191 

pile screws, 179 

prints, 52 

mortises, 43 

wheel rims, 21 
Tar in foundry, 115 
Technical knowledge, need of, 242 
Tee-pipes, 110 
Teeth,— K)f bevel-wheels, 29 

cycloidal, 7, 14 

mortice- wheels, 45 

spur-wheels, 22 

worm-wheels, 32, 36 

calculating slorength of, 49 

involute, 10 

methods of working, 22, 23 

to match old wheels, 15 

working contact of, 6 
Temperature of mouldsj 57 
Templets, — for bevel-wheels, 30 

circles for wheels, 13 

pipe flanges, 108 

screws, 181 

sheave-wheels, 97 

worm-wheels, 35 
Three-throw pumps, 207—210 
Timber, — ^for pattern-making, 4 

warping of, 17, 106 
Top prints, 54 
Tool^Led blocks for machine use, 

38,42 
Toothed segment, 220 
Tools, — for pattern-making, 2 

shop use, 159 — 163 

turning, 19 
Trammels, 220 
Truck centre for crane, 154 
Turn-over boards, 184 
Turbine buckets, 222 



Turbine, core-boxes for, 223, 224 

discs, 224 

guides, 224 

step, 226 
Turning, — allowances for, 232 

bends of pipes. 111 

between centres, 160 

eylinders, 61 

hints on, 18—20 

pipes, 105 

rim of bevel-wheel, 30 

steady for, 106 

tools for, 19 
Typical forms of core-prints, 51 

UiTDBRCUT edges, — on broken cast 
ings, 236 < 
columns, 125 
Useful studies, 242 

Valve,— globe, 215, 216 

safety, 230 

seatings, 230 

slide, 91, 92 
Variety in pattern work, 143, 240 
Varnish, — ^application of, 235 

as a cemenl^ 233 

in metal patterns, 89, 237 

to make, 235 

use of, 236 
Vee-strips, 142, 190, 199 
Venting of cores and moulds, 57 
Versed sine, 221 
Vertical boilers, parts for, 231 

Wall driU, 194 

Warping of timber, 17 

Water-wheels, 217—221 

Wave wheels, 101 — 103 

Wedging of cogs, 45, 46 

Weight of cast-iron balls, table of, 

Appendix, 255 
Weight of cast-iron cylinders, 

table of, Appendix, 255 
Weights of castings, to estimate, 

126—132 
Wheels, — ^broken, to mould from, 
237 
diameters, &c., table of. Ap- 
pendix, 257 
arms of, 15, 24, 31 
bevel, 28—31, 40 
bosses of, 16, 38, 41, 150 
chain, 95—101 
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MTheeliy^dengniDg of, 7^14 
fly, 78, 83 
maohinft, 87 — 42 
macfainM, the change thej 

have efl^eotod, 37 
iDOitifle, 43 — 48 
rims of, 21 
sheave, 96—108 
sprocket, 104 
spur, 16, 27 
teeth of, 7—15, 22—24, 28, 36, 

38 
water, 217—221 
wvre, 101—108 



'Willis's odontography 8 
Wooden dowels, 156 

pen, 31 
Woolwush Arsenal, 240 
Workshop notes, 232—238 
Wonns,32— 36 
Worm-wheels, 32^36 
Worn castings, to mould from, 236 
Wronght-iron arms, 82, 97 

eyes, 65 

sprockets, 103 

Tkxow pine for patterns, 4 
metu for name-plateB, 233 
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CATALOGUE OF BOOKS 

INCLUDING NEW AND STANDARD WORKS IN 

ENGINEERING: CIVIL, MECHANICAL, AND MARINE, 

MINING AND METALLURGY, 

ELECTRICITY AND ELECTRICAL ENGINEERING, 

ARCHITECTURE AND BUILDING, 

INDUSTRIAL AND DECORATIVE ARTS, SCIENCE, TRADE 

AGRICULTURE, GARDENING, 
LAND AND ESTATE MANAGEMENT, LAW, &c. 

PUBLISHED BY 

CROSBY LOCKWOOD & SON. 

MECHANI CAL ENGINEER ING, etc. 
Ifew JPocket-Book for Mechanical Engineers. 

THE MECHANICAL ENGINEER'S POCKET-BOOK OF 
TA BLES, FORM ULjE, R ULES AND DATA. A Handy Book of Reference 
for Daily Use in Engineering Practice. By D. Kinnear Clark, M.InstC.E., 
Author of " Railway Machinery/' " Tramways," &c. &c. Small 8vo, nearly 

?'oo pages. With Illustrations. Rounded edges, cloth lioop, 75. 6^.; or 
eather, gilt edges, 95. IJ^' published. 

New Manual far JPractical Engineers. 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising 
a Treatise on Modern Engines and Boilers: Marine, Locomotive and Sta- 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a 
comprehensive Key to the Board of Trade and other Examinations for Certi- 
ficates of Competency in Modern Mechanical Engineering. By Walter S. 
HuTTON, Civil and Mechanical Engineer, Author of "The Works' Manager's 
Handbook for Engineers," &c. With upwards of 370 Illustrations. Fourth 
Edition, Revised, with Additions. Mecuum Svo, nearly 500 pp., price i8s. 
Strongly bound. [jfust published. 



This work is designed as a companion to the Author's "Works* 
Manager's Hand-book.'* It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publica- 
tion, but collected by the author for his own use in the construction of a great variety 
of modem engineering work. 

*»♦ Opinions of the Press. 

" A thoroagUy good practical handbook, which no ensrineer can go through without learning 
sometliing that will be of service to hisxL"— Marine Etti^neer. 

" An excellent book of reference for engineers, and a valuable text-book for students of 
engineering. "Scotsman. 

" This valuable manual embodies the results and experience of the leading authorities on 
mechanical engineering."— ^MtV<fm^ News. 

" The author has collected together a surprising quantity Oi rules and practical data, and has 
shown much Judgment fai the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular compca'diam,''—EngiHe€r. 

" A mass of information, set down in simple language, and in such a form that it can be easily 
referred to at emy time. The matter is uniformly goocT and wdl chosen, and is greatly elucidate d 
by the illustrations. The book will find its way on to most engineers' shelves, where it wUi rank as 
one of the most useful books of reference."— />ra£/tca/ Engineer. 

*' Should be found op the office shelf of all practical tai^iniMn,''— English Mechanic. 

B 



a CROSBY LOCKWOOD 6* SON'S CATALOGUE. 

Handbook for Works* Managera. 

THE WORKS' MANAGER'S HANDBOOK OP MODERN 

RULES, TABLES, AND DATA. For Bogineers, MfllwrichtB, and Boiler 

lUkcrt; Tool llakera. Machinists, and Metal Workers; Iron and Brass 

Pounders, Ac By W. S. Hutton, C.E., Author of ** The Practical Engineer's 

Handbook.** Fourth Edition, carafolly Revised, and partly Re-written. In 

One handsome Volume, medium 8yo, 151. strongly bound. {Just publiihed, 

tsr Tks A mtkor lutvinf compiUd Rules mnd Data fwr his own use in a greai 

wmndy of modem emgiaeenng work, and having found his notes extremely useful, 

decided (o publish them~^evised to date—^elievtng that a practical work, suited tm 

IA« DAILY BBQDiasifSMTS OF MODBRN BNGiNBBRS, would be favourobly received. 

In the Third Edition, the following among other additions have been made, vis^ 

Rules for the Proportions of Riveted Joints in Soft Steel Plates^the Results of Experi- 

mmtt by Pbofbssob Kbmnbdy for the Institution of Mechantcal Engineers—Rules 

forth* Proportions of Turbines^Rules for the Strength <if Hollow Shafts of Whit'- 

worth's Compressed Steel, &c, 

%* OnMIOMS OF TRB FrSSS. 

"The mdior traats •vwy subject from tb« point of view of one who has co&ected workshop 
BfOtos fee appUcation ia woruhop practice, rather than from the theoretical or Utermxy aspect. Th« 
vohuB* contains a great deal of that kind of informatloa which b gained only by practical ezperi' 
•oca, and is seldom written hi books."— fnfVMtfr. 

**The vohme is an exceedingly osefuToneii brimflil with engineers' notes, memoranda, and 
wim, and well worthy of being on every mechanical engineer's bookshelf."— IfierAanMaf IVarld. 

** The Informatioo is precttely that likely to be required in practice. . . . The work forms a 
Jarifshle additioa to the library not only of the works manager, but of anyone connected witl> 



t« 



engineering."— Afifntn^ yeumal. 
' cmidable mass of facts and teira^ 
Such a volume will be found aDoohitely necessary as a book St reference in all sorts 



A fDcmidable mass of facts and teira^ leadfly accessible tiiroagh an elaborate Index 



•ff 'works' connected with the metal trades."— J^iteMiO Iron Tradts Circular. 

** Brhnful of useful information, stated in a condae form, Mr. Hutton's books have met a 
log want among -enghieers. The book mast prove extremely usefid to every practii 
: n copy."— JVoOMie/ £t^ ineer. 



J^raetieal Treatise on Modem Steam-Boilers. 

STEAM-BOILER CONSTRUCTION. A Practical Handbook 
for Engineers, Boiler- Makers, and Steam Users. Containing a large Col- 
lection of Rules and Data relating to the Design, Construction, and working 
of Modern Stationary, Locomotive, and Marine Steam-Boilers. By Walter 
S. HuTTON, C.E., Author of **The Works' Manager's Handbook," &c. 
With upwards of 300 Illustrations. Medium 8vo, z8s. cloth. [Just published, 

** Every detail, both in boQer design and management, is clearly laid before the reader. The 
vatanne shows that boiler construction oas been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the fin dt siic/e Engineer and Works' 
Manager."— Afar(i(« J:/:jiifieer. 

** There has kmg been room for a modem handbook on steam boQers ; there is not that room 
•Ofw, becaase Mr. Hotton has filled it. It b a thoroughly practical book for those who are occtt> 
pled ia the constmction. design, se'ection, or use of boilers."— Btt^tuer, 

**The Modernised TetnpletonJ^ 

THE PRACTICAL MECHANICS WORKSHOP COM^ 
PAN ION, Comprising a ^eat variety of the most useful Rules and Formulas 
in Mechanical Science, with numerous Tables of Practical Data and Calcu- 
lated Results for Facilitating Mechanical Operations. By William Tbmplb- 
TOM, Author of "The Engineer's Practical Assistant,'^ &c &c. Sixteenth 
Edition, Revised, Modernised, and considerably Enlarged by Walter S. 
HuTTON, C.E., Author of '<The Works' Manager's Handbook{" "The 
Practical Engineer's Handbook," &c. Fcap. 8vo, nearly 500 pp., with Eight 
Plates and upwards of 250 Illustrative DiagramSi 6s.i strongly bound for 
workshop or pocket wear and tear, IJ^* published, 

%• Opinions of the Press. 

** la hs modernised form Hutton's ' Templeton ' should have a wide sale, fat It contafais much 
vataaMe lafbrmatioa which the mechanic will often find of use, and not a few tables and aotes which 
he miriit look for in vain in other works. This modernised edition wi be mppredated by all w1n» 
haveleamed to value the original editions of ' Templeton.' ' —Etttriish Mtchanic. 

** It has met with great success in the engineering workshop, as we can testify ; and tbeve are 
a great maav men who, in a great measure, owe their rise in life to this little Xtodk,"— Building News. 

** This nndllar text-book— well known to all mechanics and engineers— Is of essential service to 
the every-day requirements of engineers, millwrights, and the various trades tonnected with 
en gi ne erin g and building. The sew modernised edition is worth its "weight in gold."— BuiUing- 
Ntms. (Second Notice.) 

" Tnis well-known and largely- used book contafais information, brought up to date, of tha 
sort so usefid to the foreman and draughtsman. So much fresh faiformation has been introduced 
as to constitute it prsctically a new book. It will be largely used in the office and workshop."— 
Mechtmieai fFifria» 



MECHANICAL ENGINEERING, etc. 



Stone-working Machinery^ 

STONE-WORKING MACHINERY, and the Rafid and Economi- 
cal Conversion of Stone, With Hints on the Arrangement and Management 
of Stone Works. By M. Powis Bale, M.I.M.E. With Illusts. Crown Bvo, qj. 

"Should be in the hands of every mason or student of stone-work."— C«tf«^j/ Guardian. 

" A capital handbook for all who manipulate stone for buUdin^ or ornamental purposes."— 
Machinery MarJUt, 

Pump Construction and Management. 

PUMPS AND PUMPING : A Handbook for Pump Users. Being 
Notes on Selection, Construction and Management. By M. Powis Bale, 
M.I.M.E., Author of " Woodworking Machinery," &c. Crown 8vo, 2s. 6d. 
" The matter is set forth as concisely as possible. In fact, condensation rather than diffuseness 

has been the-author's aim throughout ; yet he does not seem to have omitted anything likely to be 

oivs»."—youmalqf Gas Lighting. 

MiUing Machinery, etc, 

MILLING MACHINES AND PROCESSES: A Practical 
Treatise on Shaping Metals by Rotary Cutters, including Information on 
Making and Grinding the Cutters. By Paul N. Hasluck, Author of " Lathe- 
work." With upwards of 300 Engravings. Large crown 8vo, 125. 6d. cloth. 

Turning. ^^^* published, 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning, By Paul N. Hasluck. 

Fourth Edition, Revised and Enlarged. Cr. 8vo, 55. cloth. 

" Written by a man who knows, not only how work oug-ht to be done, but who also knows how 
to do it, and how to convey his knowledge to others. To all turners this book would be valuable." 
—Engineering. 

" We can.safely recommend the work to youne engineers. To the amateur it will dmply be 
invaluable. To the student it will convey a £reat deal of useful in£onaaLiiotL,"—Etigineer, 

JScreuf^Cfuttina 

SCREW THREADS : And Methods of Producing Them. With 
Numerous Tables, and complete directions for using Screw-Cutting Lathes. 
By Paul N. Hasluck, Author of " Lathe- Work," &c. With Fifty Illustra- 
tions. Third Edition, Enlarged. Waistcoat-pocket size, is. 6d. cloth. 
" Full of useful information, hints and practical criticism. Taps, dies and screwing-tools gene* 

rally are illustrated and their action described."— Afechanicai JVorld. 

" It is a complete compendium of all the details of the screw cutting lathe ; in fact a mulium- 

in'Parvo on all the subjects it treats upon*" — Carpenter and Builder. 

8mith^8 Tables for Mechanics, etc, 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Revised 
and Enlarged, with a New Section of Electrical Tables, Formula, and 
Memoranda. Waistcoat-pocket size, is. 6<2. limp leather. [Just published, 
" It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulae 
to suit ALL en|Kineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful aXtcmpt."— Engineer. 

" The best example we have ever seen of 950 pa^fes of useful matter packed Into the dlmen« 
slons of a caid-casc'^Suilding News, "A veritable pocket treasury of knowledge."— /ro^. 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 

PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data. 

By William Tbmpleton. 7th Edition, with Additions. iSmo, 2s. 6d. cloth. 
. ''Occupies a foremost place among books of this kind. A more suitable present to an appren- 
tice to any of the mechanical trades could not possibly be made." — Building News. 

"A deservedly popular, work, it should be in the 'drawer' of every mechanic"— ^h^/mA 
Mechanic 

Iron and Steel. 

" IRON AND STEEL " ; A Work for the Forge, Foundry, Factory, 
and Office. Containing ready, useful, and trustworthy Information for Iron- 
masters; Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and 
Metal Founders ; Iron Ship and Bridge Builders ; Mecnanical, Mining, and 
Consulting Engineers; Contractors, Builders, &c. By Charles Hoars. 
■r'/ Eighth Edition, Revised and considerably Enlarged, samo, 6s. leather. 
"One of the best of the pocket books."— fw^/tJA Mechanic. 

"We cordially reeommend this book to those engaged in considering the detculs of all kinds of 
Ifon aad steel vrotks,"— Naval Science, 
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Engineering Construction, 

PATTERN ^MAKING : A Practical Treatise, embracing the Main 

Trpas of BnciDeerini; Coustmction, and incladine Gearing, both Hand and 

Isachine made, Engine Work, Sheaves and PnlTeys, Pipes and Columns, 

Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 

Loam and Greensand, ftc, together with the methods of Estimating the 

weight of Castings; to which is added an Appendix of Tables for Workshop 

Reference. By a Fokbmam Pattbrn Makbr. With upwards of Three 

Hundred and Seventy Illustrations. Crown 8vo, ys. 6d. cloth. 

*' A well- written technicml guide, evidently written bvanumwho understands and has pnc^ 

tted what he has written abouL . . . We c •rdlaUy recommend it to engineerinsr students, youngr 

Jouraeymen, and others desirous of being initiated into the mysteries of pattern-making."— i^MiAier. 

** We can confidently recommend this comprehensive tntniae.' — Building' News. 

** Likehr to prove a welcome guide to many workmen, especiaUy to draughtsmen who ha^e 

ladwd a training in the shops, pupus pursuing their practical studies m our factories, and to em- 

plosrers and managers in engineering wotks. —//artlwarg Trade youmal. 

"Mora than 370 iUuMrations help to explain the text, which is. however, always clear and ex- 
pUdt, thus lendenng the work an excellent vadt nuatm. for the apprentice who desires to becomiO 
master of Us txtO^^-^Engtish Mechanic, 

JHctionarp of Mechanical Engineering Terms. 

LOCK WOOD'S DICTIONARY OF TERMS USED IN THE 
PRA CTICE OF MECHA NIC A L ENGINEERING, embracing those current 
in the Drawins Office, Pattern Shop, Foandry, Fitting Turning, Smith's and 
Boiler Shops, ftc. &c. Comprising upwards of 6,000 Definitions. Edited by 
A FoRKMAN Pattbrh-Maxbr, Author of " Pattern Making." Crown 8vo, 
7s. 6d. cloth. 

** Jnst the sort of handy dlctlonaxy requited by the various trades engaged in mechanical en- 
The practical engineering pupQ wUl find the book of great value in his studies* and 



•venr foreman engineer and mechanic should have a copy."— BuiUinjgr News. 

''After a careful examination of the book, and trying all manner of words, we think that the 
engineer will here find all he is likely to require. It will be largely used."— /V-<K/taz/ Ertgineer. 

" One of the most useliil books which can be presented to a mechanic or sXaAeoL"— English 
Mechanic. 

" Not merdy a dictionary, but, to a certain extent, also a most valuable guide. It strikes ns as 
a happy idea to combine wttn a ddinltion of the phrase useful information on the subject of which 
it treats." — Machinery Market. 

** Nc word having connection with any branch of constructive engineering seems tp be 
omitted. No more comprehensive work has been, so far, issued — Knowledge. 

" We strongly commend this useful and reliable adviser to our friends in the workshop, and to 
students everywhere." — Colliery Guardian, 

Steam Boilers, 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
ttruction, and Economical Working, By Robsrt Wilson, C.E. Firai Edition* 
ismo, 65. cloth. 

"The best treatise that has ever been published on steam hoOms."— Engineer. 
"The author shows himself perfect master of his subject, and we hearaly reconunend all em- 
ploying steam power to possess flieagaelves of the waAJ'Sykutd's Iron JVade Ciratlar, 

Boiler Chimneys, 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stability, With a Chapter on Lightning Conductors. By Robbrt 
Wilson, A.I.C.E., Author of "A Treatise on Steam Boilers," &c. Second 
Edition. Crown 8vo, 3x. 6d. cloth. 

" Full of useful information, definite in statement, and thoroughly practical in treatment. — 
The Local Government Chronicle. 

" A valuable contribution to the iterature of scientific building."— 7%« Bunder, 

BoHer Making. 

THE BOILER-BAKER'S READY RECKONER 6* ASSIST- 

ANT. With Examples of Practical Geometry and Templating, for the Use 

of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Clark, 

M.I.C.E. Third Edition, 480 pp., with i4oIllusts. Fcap. 8vo, 7S. half-bound. 

" No workman or apprentice should be without this hook."— Iron Trade Circular. 

*' Boiler-makers will readily rec<^:nise the value of this volume. . . . The tables are clearly 

printed, and so arranged that thev can be referred to with the greatest fiidlity, so that it cannot M 

doubted that they will be generally appreciated and much uaea."— Mining l/oumai, 

l^arwhina 

HEATING BY HOT WATER; with Information and Sug- 
gestions on the best Methods of Heating Public, Private and Horticultural 
Buildings. By Walter Jones. With Illustrations, crown Svo, as. cloth. 
" We confidently recommend all interested in heating by hot water to secure a copy of this 

valuable' little treatise."— 77f* Plumber and Deeot ator. 
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Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Sup- 
plement on Gas Engines, and Part II. on Heat Engines. By T. M. 
GooDBVB, M.A., Barnster-at-Law, Professor ot Mechanics at the Normal 
School of Science and the Royal School of Mines; Author of "The Princi- 
ples of Mechanics," "The Elements oi Mechanism," &c. Eleventh Edition, 
Enlarged. With numerous Illustrations. ■ Crown 8vo, 6s. cloth. 
"Professor Goodeve has gfiven us a treatise on the steam engine which will bear comparison 

with anything written by Huxley or Maxwell, and we can award it no higher praise.'— Btur^teer. 
" Mr. Goodeve's text-book is a work of which every young engineer should possess hinttelf." 

^Miningr JToumai. 

Gas Engines* 

ON GAS-ENGINES, Being a Reprint, with some Additions, of 
the Supplement to the Text-book on the Steam Engine, by T. M. Goodsvs, 
M.A. Crown 8vo, 2s. 6d, cloth. 
" Like an Mr. Goodeve's writings, the present Is no exception In point of general excellence. 
It Is a valuable little ycAnxm^,'— Mechanical World, 

Steam. 

THE SAFE USE OF STEAM, Containing Rules for Un- 
professional Steam-users. By an Engineer. Sixth Edition. Sewed, 6d. 
" If steam-users would but learn this little book by heart boiler explodons would become 
sensations by their raxity."— English Mechanic. 

Meference Book for Mechanical Engineers. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
for Machine and Boiler Construction. In Two Parts. Part I. Genbrai. 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N.A. Folio, £5 5s. half- 
bound. [Just published. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for 

Engineers and Steam-users. By Nelson Foley, Author of " Boiler Con- 

struction." Pocket-size, 3s. 6d. cloth ; 4s. leather. 

"These tables are designed to meet the requirements of every-day use ; and maybe com* 
mended to engineers and users of steam."— Iron. 

" This pocket-book well merits the attention of the practical engineer. Mr. Foley has com- 
piled a very useful set of tables, the information contained in which is frequently required by 
engineers, coal consumers and users of steam."— /rw* and Coal Tradts Review, 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES, With 
a History of Fire-Engines, their Construction, Use, and Management : Re- 
marks on Fire-Proof Buildings, and the Preservation of Life from Fire ; 
Foreign Fire Systems, &c. Bv C. F. T. Young, C.E. With numerous 
Illustrations, 544 pp., demy 8vo, /i 45. cloth. 

** To such of our readers as are interested in the subject of fires and Sre apparatus, we can most 
heartily commend thb book."— Engineering'. 



displays much evidence of careful research ; and Mr. Youig has put his fiicts neatly 
t02eUier. It is evident enough that his acquaintance with the practical details of the construction ol 
steam fire engines is accurate and fuIL"— Engineer, 

Estimating for Engineering Workf tSc. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Commercial Engineering. With numerous Exami)les of Esti- 
mates and Costs of Millwright Work, Miscellaneous Productions, Steam 
Engines and Steam Boilers ; and a Section on the Preparation of Costs 
Accounts. By A General Manager. Demy 8vo, Z25. cloth. 
** This is an excellent and very usefiil book, covering subject-matter in constant requisition In 

every factory and workshop. . . . The book Is invaluable, not only to the young engineer, but 

also to the estimate department of every works."— ^MtVc^rr. 

" We accord the work unqualified praise. The information is given in a plain, straightforward 

manner, and hears throughout evidence of the intimate practical acquaintance of the author with 

every phrase of commercial engineering."— AfMAanica/ tVorld, 

Elem,entary Mechanics. 

CONDENSED MECHANICS, A Selection of Formulae, Rules, 
Tables, and Data for the Use of Engineering Students, Science Classes, &c 
In Accordance with the Requirements of the Science and Art Department. 
By W. G. Crawford Hughes, A.M.I.C.E. Crown 8vo, ». 6d. cloth. 

U^t published. 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 
("Tbb Bmoins Drivkr'8 Frxsmd"). 

ZocomoHv0'JEngine Driving. 

LOCOMOTIVE-ENGINE DRIVING : A Practical Manual for 
Engittun in ehan^ of Locomotive Engirus. By Michaei. Reynolds, Member 
of toe Society of Bn^eers, fonnerly Locomotive Inspector L. B. and S. C. R. 
Eighth Edition. Including a Kbt to thb Locomotitb Emoxnb. With Illna- 
trations and Portrait of Author. Crown 8vo, 45. 6d. cloth. 
"Mr. Reynolds has iuppUcd a want; and has supplied U weU. We can confidently recommend 

flie t>ook. not oaly to the practical driver, but to avaiyona who takas an intetast in the perfonaanoo 

of locotaodve enfifines."— TTk* fMT'wMr. 

" Mr. Reynolds has opened a new chapter In the Bterature of the day. This admirable practical 

treatise, of the practical titility of which wo have to speak in terms of warm commendation."— 

" Evidently the woik of 000 who knows his subject thorousUy."— Railway Service Gazette. 
" Were the cautions and rules ffiven in the book to become part of the every-day workifl£ ot 
oar enjcinoKlriTer^ we miffitt lutve fewer dlstressinfr accklents to aqdore."— iSootoMair. 

Stationary Engine Driving, 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Enfifuers in chare* of Stationary Enginet. By Michaxl Reynolds. Fourth 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 4s. 6d. cloth. 
"The author is thoroughly acqu^nted with his subjects; and his advice on the various points 

treated is clear and practioiL . . . He has produced a manual which is an exceedingly useAil 

one for the dasa for whom it is specially \xittoAitd."—'EngineeriMf. 

*' Our author leaves no stone unturned. He is determined uat his readers shall not only know 

•omething about tlie stationary engine, but all about iW—EMginter. 

"An engineman who has mastered the contents of Mr. Reynolds's bookwHl require but little actual 

experience with boilers and engines before he can be trusted to look after them." — EttgliskMecMatiic. 

The Engineer^ Eireman, and Engine^Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 

ENGINB'BOY. Comprising a Historical Notice of the Pioneer Locomotive 

Engines and their Inventors. By Michael Reynolds. With numerous Illus- 

trations and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6d. cloth. 

" From the technical knowledge of the author it will appeal to the railway man of to-day more 

Ibrcibly than anything written by Dr. Smiles. ... The volume contains tnformatioa of a todfc* 

aical kind, and nets that every driver should be familiar with." — Engrlisk Mechanic. 

" We should be glad to see this book in the possession of everyone in the Icingdom who has 
•rer laid, or is to lay, hands on a locomotive engine."— /rvM. 

Continuous EaUway Brakes, 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 
the several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michasl 
Reynolds. Large crown 8vo, 95. cloth. 
" A popular explanation of the different brakes. It will be of great assistance in forming pubBc 

a>inion, and will bo studied with benefit by those who take an mterest in the brake."— £^/«tA 
echanic. 
" Written with sufficient technical detail to enable the principle and relative connection ot Uie 
vaHoos parts of each particular brake to be readily grasped."— Jlf«eAa»i<»/ fVcrlcU 

Engine-Driving lAfe. 

ENGINE-DRIVING LIFE : SHrring Adventures and Incidents 
in the Lives of Locomotive-Engine Drivers. By Michael Reynolds. Second 
Edition, with Additional Chapters. Crown 8vo. 25. cloth. 
" From first to last perfectly fascinatmg. Wilkie Cofflns's most thrilling conceptions are &rown 

" "" -'^North British MaU. 

than read ' Eiwfino- 
enthusiasm ana real 
love of the engine-driving profession will carry him on till he has read every page."— kSoAcnAur Review. 

Eocket Companion for Enginemen. 

THE ENGINEMAN'S POCKET COMPANION AND PRAC^ 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Second Edition, Revised. Royal xSmo, 3s, 6^1., 
strongly bound for pocket wear. 

" This admirable work is well suited to accomplish its object, being the honest workmanship of 
a competent engineer."^^/0.rfrrw Herald. 

" A most meritorious work, givinpf in a succinct and practical form all the Information an eng1ne> 
Minder desirous of mastering the scientific principles of his daily calling would require." — MiUcr. 

" A boon to those who are striving to become efficient mechanics."— Z^abTy Chronicle, 
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French-English Glossary for Engineers, etc. 

A POCKET GLOSSARYof TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tiblea iiilable for Ihe Arehilecloral, 
Enemeering. ManufacturinB and Nautical Professions. By Johb T.uia 
Flktchir, Eogineet »nd Sunrajor, loo pp. Waistcoat-pocfcai i 
_liinp laalbei. 

•Dllr^Bnuinba-«r the words reJulDff to enetneeriit/a 
vonHMh ThallttkbookiriabauflerarbolblottiKlcDtafeHuuH 

"TtaBkanrof twnulflnfy coinpl«a.uid muvol tlb 

Wa Q^diJr mmind ik> boek.'-^uk.'iisJ irW. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
UANACEMENT. A Practical Maaasl for Ownara and Uaars of Steam 
Engines generally. By Williau Dvboh WANsaitouaii. With 90 lUustca- 



,., ,illliuSl^at»w3Mnuula2an«liai ^ -., - 

iimtRnga Uie cluiill sflU MriiHii dnICH. .. ■ TBI Hmu'u Fuicbasen' Gdnlala • tv^dsL 3 
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MR. HUUBER'S IMPORTANT EHGINEERINO BOOKS. 
The Water Supply of Citiea and Tottma, 

A COMPREHENSIVE TREATISE ox the WATER-SUPPLY 
OF CITIES AND TOWNS. Hv W:ll!au Huubhr, A-M.Inst.C.E., and 
M. Inst. M.E., Author of "Cast and Wroushl Iron Bridge Construction," 
Ac. &c.. Illustrated with 50 Double Plates, i Single Plata, Coloured 

Teit. Imp. 4la, £6 6s. elegantly and substantially half-bound m morocos. 



etidiv Ta1)Ica of Raibs oT Sapjif, vSatiiim, 
Ac Ac. to£»h«t nich SpccificAioid arHnnI 
kbudccn, Btdc/v^CuEcrbmy, DuDdflfc 
lallb^ IftBOiel]^ RDIhwhAiA. Dablm, U|4 




Ca^ and Wrought Iron Bridge Construction, 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION incliuling /rM 

WiLLiAii^HuuBER.XM.Insl.C.E?, Md M.IasLM.E. Third Edition, Rs- 
«ised and much improved, with 715 Double Plates («] of which now first 
appear in thimedidon),UMliiiimaraDiAilditloiulolhaTait. laTwoVoU., 
imp^fto, £t ifegAbjCfrbowid In nurocco. 



„.. . _, Bfcliila6'^B»*iirtJditli«iiSliiii'pomiiibriii™ier 

_____ __ _, ie<Nndl9aK*>>*>™'<'' Bnmd, ^l" W;^>^^Mj|H 



8 CROSBY LOCKWOOD * SON'S CATALOGUE, 

lift HtlUBEK'S BB£AT WORK OH MODERN EHOINEEfilNQ. 

OmrpImi in Font Valiiiiie*, imperUl iio, prica tit in.. half-moiociMt. E»cb 
Volome told lepualelT u ^llowi :— 
J RECORD OP THE PROGRESS OF MODERN ENGINEER- 
ING. Fun Sims. Compiiimg CJvil, Mechanic*!. Muius. Hydraulic, 
lUilwmT. Bridge, and olber Engineering Wcilia. Ac. B]r Williah Huubbk, 

A-M.Inil,C,E.. *c. Imp. 4I0, with 16 Double PlBlet, drawn lo a'- '~ 

PboIORiapbic Porlrail oCJobn Huoksban, C.E., F.R.S., ftc., 11 



dtttcnptJTa Lmtoprt 







BlAHMl Roof QfCnnDnHMiuii:>Un;Brlrba nmkm Brldn- Atob 

;ma H. Ral>iT; Root •fSuOeri, Diit^ B^^ljiJui). 



BUMBER'S RECORD OF MODERN ENGINEERING. Shcond 
5>Hls. Imp. 4I0, wilb 36 Dcubie Plates, Phnlographic Poitrait of Roberl 
<? — ■. f-t w Q DOC t_ — J 'oui deacriplive Letterpress, 




NUMBER'S RECORD OF MODERN ENGINEERING. Third 
SuKS. Imp. 410, wltb to Doufalt Plates. PhotD|niptiic Poitrait of J. R. 
M-Clean, laie Pie>. Inii. C,E., and copioua deacripiivo Lefleip'ess, Sped- 
Gcaliona, Ac, £3 ]i. half-oiDrDccii. 

List of Iht Plata and Diagtamt, 




BUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Sebiks. Imp. tto, nitb 3S Double Plates, Pboti^aphic Pori ' ' ~ ' 



i^ys 






■■« HdnipiiUi It pbtsl I Buiow DDCki U 



1.UI 0/ tA< Plata and Diagramt. 




CIVIL ENGINEERING, SURVEYING, etc. 9 

MR. NUMBER'S ENGINEERING BOOKS-^ontinued, 

Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 

IN GIRDERS AND SIMILAR STRUCTURES, AND THEIR STRENGTH. 

Consisting of Formulae and Corresponding Diagrams, with numerous details 

for Practical Application, &c. By William H umber, A-M.Inst.C.B., &c. 

Fifth Edition. Crown 8vo, nearly 100 Woodcuts and 3 Plates, 7$, 6d, cloth 

" The formulae are neatly expressed, and the diagrams gcod."—^ ihenaufn. 

" We heartily commend this really hatufy book to our engineer and architect readen.**— £>^ 

Ksh Mechanic 

Barlow^s Strength of Materials, enlarged byHumber 

A TREATISE ON THE STRENGTH OF MATERIALS : 
with Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Pbtbr Barlow, F.R.S. A New Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and w. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkimson, Fairbairn, and Kirkaldy ; and 
Formulae for Calculating Girders, &c. Arranged and Edited by W. Humbbr, 
A-M.Inst.C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous Wood- 
cuts, i8s. cloth. *■ 

" Valuable alike to the student, tyro, and the experienced practitioner. It will always rank la 
flature, as it has hitherto done, as the standard treatise on that particular subject." — Engitutr, 

" There is no greater authority than Barlow." — Buildiitg' News. 

" As a scientific work of the first class, it deserves a foremost place on the bookshelves of every 
civil engineer and practical m&cAajiXC."— English Mechanic. 



Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geographical and 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c., with 
Useful Problems, Formulae, and Tables. By Lieut-General Fromb, R.E. 
Fourth Edition, Revised and partly Re- written by Major General Sir Charlbs 
Warrbn, G.C.M.G., R.£. With 19 Plates and X15 Woodcuts, royal 8vo, i6s. 
cloth. 

"The simple fkct that a fourth edition has been called for Is the best testimony to Its merits. 
No words of praise from us can strengthen the position so weD and so steadily maintained by this 
work. Sir Charles Warren has revised the entire work, and made such additions as were necessary 
to bring every portion of the contents up to the present d»t»,"— Broad Arrow, 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING, By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool* 
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of xa Plates, Z2S. 

Oblique Bridges. 

A PR A CTICA LAND THEORETIC A L ESS A Y ON OBLIQ UE 
BRIDGES. With 13 large Plates. By the late Gborgb Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buce, M.I.C.B. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.CS. Royal 8vo, xas, 
cloth. 

** The standard text-book for all engineers regarding skew arches Is Mr. Buck's treatise, and 
would be impossible to consult a hctXerT'—Bngineer. 

"Mr. Buck's treatise is recognised as a standard text-book, and his treatment has (Uvested the 
subject of many of the intricacies supposed to belong to it. As a guide to the engineer and archk 
tect. on a confessedly difficult subject, Mr. Buck's work is uxa}irpaSsied."—Buiidin£N€W*, 

Water Storage, Conveyance and Utilisation. 

WA TER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance and Utilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. By Charles Slagg, Water and 
Drainage Engineer, A.M.Inst.C.E., Author of •• Sanitary Work in the Smaller 
Towns, and in Villages," &c. With numerous Illusts. Cr. 8vo, 7s. 6d. cloth. 
** As a small practical treatise on the water &upplT of towns, and on some applications of 

water-power, the work is in many respects excellent.' —^n^'Mftrtn^. 

" The author has collated the results deduced from the experiments of the most eminent 

authorities, and has presented them in a compact and practical form, accompanied by very clear 

and detailed explanations. . . . The application of water as a motive power is treated very 

careAilly and exhaustively."— f»«2i/«r. 

"For anyone who desires to begin the study of hydraulics with a consideratioii of the practical 

applications of the science there is no better grndt,"— A rthitea. 
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BtatieSf Graphic and Analytie. 

GRAPHIC AND ANALYTIC STATICS, in their Practical Appii- 
catiom to tks TrtatmnU of Stmsn im Roofs, Solid Girders, Lattice. Bomstring 
atul Susfettiion Bridges^ Braced Iron Arches and Piers, and other Frameworhs, 
Bt R. Hudson GnAHAy, C.B. Containing Diagrams and Plates to Scale. 
With numerous Examples, many taken from existing Structures. Specially 
arranged for Class-work in Colleges and Universities. Second Edition, Re- 
vised and Enlarged. 8vo, i6f . cloth. 
**Mr. Gnham'i book will iod a ptecowhetevwgrtphk sad analytic statics ai« used or stadied." 

' The work b cxoaOeikt from a ptsctlcal poht of vtaw, sad has erldeody been prepaied with 
1. Th« directions for worUiig are ample, and are iOiistrated hy an abonoance of weH* 
■amplei. It is an aacaOent taat-booli for the practical diaui^ttsniaa."— ^iAcfufwiM. 

Student's Text-Book on Surveying* 

PRACTICAL SURVEYING: A Text-Book for Students pre- 
paring for Examination or for Survey-work in the Colonies. By Georgb 
w. UsiLL, A. M.I.C.E., Author of "The Sutistics of the Water Supply of 
Great Britain." With Four Lithographic Plates and upwards of 330 Ulustra' 
tions. Second Edition, Revised. Crown 8vo, 75. 6d. cloth. 

** The best forms of instruments are described as to their construction, uses and modes of 
emplorment. and there are innumerable hints on work and eouipment such as the author, in his 
experience as sunrevor. draughtsmsin and teacher, has found necessary, and which the student 
in his inexperience will find most serriceable."— iiMt.frfMMr. 

* The latest treatise in the English language on surreyincr, and we hare no hesitation In say* 
Inff that the student will find it a better guide than any of its predecessors .... 
Deserves to tte recoentsed as the first book which should be put in the hands of a pupil of Civil 
Engineering, and every gentleman of aducation who sets out fo the ri^tfti*^ would fiiul it well to 
have a copy.'— A rckilect. 

" A very useful, practical handbook on field ptacdce. Claar, accontie and not too coa- 
densed."— yiwryia/ ^ Edttcatiotu 

Survey Bractice, 

AID TO SURVEY PRACTICE, for Reference in Surveying, LeveU 
linf, and Setting-out ; and in Route Surveys of Travellers by Land and Sea, 
With Tables, Illustrations, and Records. By Lewis D'A. Jackson, 
A.M.LC.E.; Author of " Hydraulic Manual/' " Modem Metrology," &c. 
Second Edition, Enlarged. Large crown 8vo, 12s. 6d. cloth. 

*'Mr. Jackson has produced a valuable wute-mecum for the surveyor. We can leoommend 
Ihb book as containing an admJiable aupplement to the teaching of the accomplished sunrayor."— 

** As a tezt>book we shoukl advise all turreyots to idace It fai their llbrariea. and study wdt the 
■atnied iutructkms afforded in its pages."— C^/Mrry Guardian, 

"The author brings to his work a fortunate union of theory and pracdcal experience which, 
aided by a dear and ludd style of writing, renders the book a very useful Qia»."^BuiitUr, 

Surveying, Land and Marine. 

LAND AND MARINE 5l7i?r£y/NG, in Reference to the Pre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns' Water 
Supplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. D. Haskoll, C.E., Author of "Bridge and Viaduct Con- 
struction," dec. Second Edition, Revised, with Additions. Large cr.8vo,9s. cl. 

" This book must prove of p^9.t value to the student. We have no hesitation in recommend' 
Cng it, feeling assured that it wiU more than repay a careful tia6y."—M*chanical World. 

** A most useful and well arranged book for the aid of a student We can strongly recoaunend 
It as a carefiiUywxitten and vahiabia text-book. It ei^oys a well-deserved repute among sunreyois." 
~~BuUd«r. 

" This Tolnme cannot fan to prove of the utmost pracdcal tttlQty. It may be safely recommended 
to an stadent»who aspire to become dean and expert aurveyon.' — ifite^>v' ^ourntU, 

Tunnelling. 

PRACTICAL TUNNELLING. Explaining in detail the Setting, 
out of the works, Shaft-sinking and Heading-driving, Ranging the Lin^s and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S., 
M.Inst. C.E. Third Edition, Revised and Extended by D. Kinmbar Clauc. 
M.Inst. C.B. Imperial 8vo, with ai Folding Plates and numerous Wood 
Engravings, 30s. cloth. 

** The estimation in which Mr. Sbnms's book on tunneUiog has been held for ever thirty yeats 
cannot be more truly expressed than in the words of the latePiof. RanUner—'Thebestsonroeof la* 
formation on the subiect of tunnels is Mr.F.W.Simms'swork an Practical Tunnelling.* "—Arektieci. 

" It has been regarded from the first as a text twek of the subject. . . . Mr. Clarke i 
immensely to the value of the book."— ^qrfiMtfr. 
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Levelling, 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 
LEVELLING, Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads : with Mr. Telford's Rules for the 
same. By Frederick W. Simms, F.G.S., M.Inst.C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwinb's Field Practice of Laymg-out Circular Curves. With 7 Plates 
and numerous Woodcuts, 8vo, 8s. 6d. cloth. *«* Trautwznb on Curves 
may be had separate, 55. 
" The text-book on levelling in most of our engineering schools and cxilieign.'*— Engineer. 
** The publishers have rendered a substantial service to the profession, especially to the younger 
members, by bringing out the present edition of Mr. Simms's useful mQitiL,"—Bti£tn4«riM^m 

Meatf Expansion by. 

EXPANSION OF STRUCTURES BY HEAT. By John 
Kbily, C.E., late of the Indian Public Works and Victorian Railway Depart- 
ments. Crown 8vo, 3s. 6d. cloth. 

Summary of Contents. 
Section I. Formulas and Data. 



Section II. Metal Bars. 
Section III. Simple Frames. 
Section IV. Complex Frames and 

Plates. 
Section V, Thermal Conductivity. 



Section VI. Mechanical Force of 

Heat. 
Section VII. Work of Expansiom 

AND Contraction. 
Section VIII. Suspension Bridges. 
Section IX. Masonry Structures. 



" The aim the author has set before him, viz., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or archl" 
tect can find but little rdiable and comprehensive data in books."— Builder. 

" Whoever is concerned to know the effect of changes of temperature on such structures as 
suspension bridges and the like, could not do better than consult Mr. Kelly's valuable and handj 
exposition of the geometrical principles involved in these changes."— Siw/lrmaM. 

Practical Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Beinp; a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Surveyors. By Olinthus Gregory, 
LL.D., F.R.A.S., Enlarged by Henry Law. C.E. 4th Edition, carefully 
Revised by J. R. Young, formerly Professor ox MathematicSi Belfast College* 
With 13 Plates, 8vo, £1 K. cloth. 
" The engineer or architect will here find ready to his hand rules for solving nearly every rnathe* 

■ la ti cal difficulty^ that may arise in his practice The rules are in all cases explained by means of 

examples, in which every step of the process Is clearly worked out."— Bui/der. 

" One of the most serviceable books for practical mechanics. . . It is an Instructive book for 

Che student, and a text-book for mm who, having once mastered the subjects it treats of^ needs 

occasionally to refresh his memory upon tHneax."— Building News. 

Hydraulic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULM 

for finding the Discharge of Water from Orifices, Notches^ Weirs, Pipes, amd 

Rivers. With New Formulas, Tables, and General Information on Rainfall. 

Catchment- Basins, Drainage, Sewerage, Water Supply for Towns and Mill 

Power. By John Neville, Civil Engineer, M.R.I.A. Third Ed., carefully 

Revised, with considerable Additions. Numerous Illusts. Cr. 8vo, 14s. cloth. 

" Alike valuable to students and engineers in practice ; its study will prevent the annoyance of 

avoidable failures, and assist them to select the readiest means of successfully carrying out any 

giv«n work connected with hydraulic engineering."— AftMi^v yournal. 

" It is, of all English books on the subject, the one nearest to completenea. . . . From tlie 
good arrangement of the matter, the clear expl.anations, and abundance of formulae, the carefully 
calculated tables, and, above all, the thoroi^h, acquaintance with both theory and coiistractioii« 
which is displayed from first to last, the book w be found to be an acquisition. —^nAiiteA 

Mydravlics. 

HYDRA ULIC MANUAL, ConsistiDg of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D* A. Jackson, Author of ** Aid to Survey Practice," 
" Modem Metrology," &c. Fourth Edition, Enlarged. Large cr. 8vo, x6s. cl. 
" The author has had a wide experience in hydraulic engineering and has been a careful ob- 
server of the facts which have come under his notice, and from the great mass of material at his 
command he has constructed a manual which may be accepted as a trustworthy guide to this 
branch of the engineer's profession. We can heartily recommend this volume to all who desire to 
be acauainted with the latest development of this important subject." — Bngineeritig. 
** The standard- work in this department of mechnnics.' — Scotsman. 

" The most useful feature of tnis work is its freedom from what is superanntiated, and Iti 
thorough adoption of recent experiments { the text iS| in fact^ in great part a short account of the 
gseat modem experiments."— JVo/wrv* 
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I>rainage. 

ON THE DRAINAGE OP LANDS, TOWNS AND BUILD^ 
INGS. By G. D. Dbmpsbt, C.B., Aathor of ** The Practical Railway En- 
gineer,'' ftc. Revised, with large Additions on Rbcbnt Practicb in 
I>RAiNAGB Enginbbrino, by D. ICiNNBAR Clark, M.Inst.C.B. Author of 
** Tramways," ** A Manual of Rules, Tables, and DaU for Engineers," &c. 
Second Edition, ismo, 55. cloth. 

" The new matter added to Mr. Dempsey's excdlent work fa characterised by the comprehen* 
sive gnsp and accuracy o( detail for which the name of Mr. D. K. Clark is a sumdent roucher." — 

" As a work on recent practice In drainage en gln e eilii g, the book Is to be commended to all 
wlio are making that branch of engineering science their special study." — /rvn. 

" A comprehensiTe manual oa drainage engineering, and a useful introduction to the studeDt." 

Tramways and their Working, 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 
Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Heated Water, and Compressed Air ; a Description ofthe Varieties of Rolling 
Stock : and ample Details of Cost and Working Expenses : the Progress 
recently made in Tramway Construction, ftc. &c. By D. Kinnbar Clark, 
M.InsLCE. With over 200 Wood Engravings, and 13 Folding Plates. Two 
Vols., large crown 8vo, 30s. cloth. 
" AH interested in tramways must refer to it, as all rmDway engineen have turned to ttie author^ 

work ' Raflway Machinery."*— £n,f?»n«»r. 

" An exhaustive and practical work on tramways. In which tiie history of tUs kind of locomcv 

tlon, and a description and cost of the Tarioua mooes of laying tramways, are to be found."-^ 

Bmldinf News. 

"The best form of ndb, tfie best mode of construction, and the best mechanical appliances 

■re so fairlv indicated in the work under review, that any engineer about to construct a tramway 

will be enabled at once to obtain the practical inmrmation which will be of most service to him.' -^ 

Athtfuntm, 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OP 
OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Izn^ 
perial Bvo, 8s. cloth. 

{hirves, Tables far 8etting-out» 

TABLES OP TANGENTIAL ANGLES AND MULTIPLES 
for Setting-eut Curves from 5 to aoo Radius. By Albxandbr Bba^blby, 
H.Inst.CJB. Third Edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket sixe, 3s. 6d. 

free 

he pots into his own card-case, and leaves the rest behind."— AMmutimm. 

JEarthworh. 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an average 
of 80 feet. By Josbph Broadbxnt, C.E., and Francis Campin, C.E. Crown 
8vo, 5s. cloth. 

"The way in which accuracy fa attained, by a simple divfaion ot each cross section into three 
elements, two in which are constant and one variable, lis ingenious."— ^/A<»4»m»>. 

Tunnel Shafts. 

THE CONSTRUCTION OP LARGE TUNNEL SHAPTS : A 
Practical and Theoretical Essay. By J. H. Watson Buck, M.InstC.E., 
Resident Engineer, London and North-western Railway. Illustrated with 
Folding Plates, royal 8vo, xu. cloth. 

** Many of the methods given are of extreme practical value to the mason ; and tiie observations 

OB the form of arch, the rules for ordering the stone, and the construction of the templates will be 

found of considerable use. We commend the book to the engineering profession."— ^m^^m^ News. 

" Win be regarded by civil engineers as of Uie utmost valueb and calcutoted to save much time 

and obviate many mfatakes."— Co/A^ GitardimH, 

Oirders, Strength of. 

GRAPHIC TABLE FOR PACILTTATING THE COMPUTA^ 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, etc., for Parliamentary and other Estimates. By I. H. Watson 
Buck, M.Inst.C.E. On a Sheet, 2s.6d, 
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Miver Engineering* 

RIVER BARS: The Causes of their Formation, and their Treat' 
went by •' Induced Tidal Scour ; " with a Description of the Successful Re- 
duction by this Method of the Bar at Dublin. By I. J. Mann, Assist. £ng. 
to the Dublin Port and Docks Board. Royal 8vo, 75. 6d. cloth. 
" We recommend all interested in harbour works— and, indeed, those concerned in the im- 
provements of rivers generally — ^to read Mr. Mann's interesting work on the treatment of river 
bars. "—Engineer. 

H^yusses 

TRUSSES OF WOOD AND IRON. '^Practical Applications of 
Sciencein Determining the Stresses, Breaking Weights, Safe Loads, Scantlings, 
and Details of Construction, with Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 45. 6d. cloth. 

" This handy little book enters so minutely Into every detail connected with the construction of 
roof trusses, that no student need be ignorant of these msiXXcss,"—Prcu:tical Engineer. 

RaUway Working, 

SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents: Theif Cause and Prevention; with a Description of Modem Appliances 
and Systems. By Clement E. Stretton, C.E., Vice-President and Con- 
sulting Engineer, Amalgamated Society of Railway Servants. With Illus- 
trations and Coloured Plates. Second Edition, Enlarged. Crown 8vo, 35. 6d, 
cloth. {Just published. 

*' A book for the engineer, the directors, the managers ; and, in short, all who wish for informa- 

tlon on railway matters will find a perfect encyclopaedia in * SaJfe Rsdlway Working. "— 'Railway 

Review. 

" We commend the remarks on railway signalling to all railway managers, especially where a 

Hniform code and practice is advocated."— //'ifr^<z/A'f Railway journal. 

"The author maybe con^atulated on having collected, in a very convenient form, much 

valuable information on the prmcipal questions anecting the safe working of railways."— Jea»^< 

way Engineer. 

JField'Book for Engineers* 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON^ 
TRA CTOR *S FIELD-BOOK. Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner ; setting-out 
Curves with the Theodolite by Tangential Angles and Multiple^ with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets ; and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. By W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth 
Edition, Enlarged. Crown 8vo, 12s, cloth. 

"The book is very handy; the separate tables of sines and tangents to every minute will make 
it useful for many other purposes, the genuine traverse tables existing all the sajne."—j1t^tenaum. 

"Every person engaged m engineenng field operations will estimate the importance of such ^ 
work and the amount of valuable tune which will be saved by reference to a set of reliable tablet 
prepared with the accuracy and fulness of those given in this volume."— ^atfw^y J^ews, 

Earthwork^ Measurement of. 

A MANUAL ON EARTHWORK, By Alex. J. S. Graham, 
C.E. With numerous Diagrams. Second Edition. z8mo, 2S, 6d. cloth 
" A great amount of practical information, very admirably arranged, and available for rough 

estimates, as well as for the more exact calculations required in the engineer's and contractor's 

mAoes."—Af^i*an, 

Strains in Ironwork* 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Sheilds, M.Inst.C.Bi 
Second Edition, with 5 Plates. Royal 8vo, 5s. cloth. 
The student cannot find a better little book on this subject"— fn.^^foMr. 

Cast Iron and other Metals, Strength of, 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition, including Hodgkinsom's Experimental Researches. 8vo, Z2«. cloth. 
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ABCHrrECTUBE, BniIiDINa» etc. 

ConsirueHan. 

THE SCIENCE OP BUILDING : An Elementofy Treatise on 
ths PrincipU$ of Constructum, By B. Wyndhau Tarn, M.A., Architect 
Third BdiUon, Enlarged, with 59 Engravings. Fcap. 8vo, 45. cloth. 
*' A rary TBluable book, which we stroB B g l y recooimend to all stadents."~-JBuiUtr, 
" No aicUtoctunl student should be wtthovt this hudbook."—^ rcMteA 

Vilia Architecture, 

A HANDY BOOK OF VILLA ARCHITECTURE : Being a 
Series 0/ Designs for Villa Residences in various Styles. With Outline 
Specifications and Estimates. By C. Wickbs, Aathor of " The Spires and 
Towers of England," Ac. 61 Plates, 4to, £i xzs. 6d. half-morocco, gilt edges. < 
** The whole of the designs bear eridenoe of their being tlie work of an artistic architect aad 
diey wil prove very Tsluable and suggestive."— ^MAtffM^ AnM. 

Text-Book for Architects, 

THE ARCHITECT'S GUIDE: Being a Text-Booh of Useful 
tnfonnatum for Architects, Engineers^ Surveyors, Contractors, Clerks of 
Works, &C.&C, By Frbdbricx Rogers, Architect, Author of " Specifica- 
tions for Practical Architecture," &c. Second Edition, Revised and Enlarged. 
With nnmerons Illustrations. Crown 8vo, 6s. cloth. 

" As a text-book of useful information for architect engineen* sorreyors. &Cn It would be 
hard to find a handier or more complete little volume."— Si^M<ean/. 

"A young architect could hardly have a better guide-book."— TYm^er Trades ^OMmai, 

Taylor and Oresy's Rome, 

THE ARCHITECTURAL ANTIQUITIES OP ROME. By 

the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Cresy, Esq. New 

Edition, thoroughly Revised hy the Rev. Alexander Taylor, M.A. (son of 

the late G. L. Taylor, Esq.), rellow of Queen's College, Oxford, and Chap<^ 

lain of Gray's Inn. Large folio, with 13c Plates, half-bound, £1 3s. 

" Taylor and Cresy's work has from its first publication been ranked among those professional 

books which cannot be bettered. ... It would be difficult to find examples of drawings, eveq 

among those of the most painstaking students of Gothic, more thoroughly worked out than are th9 

one hundred and thirty putes in this volume."— ^rvA^JiML 

Linear ^Perspective, 

ARCHITECTURAL PERSPECTIVE: The whole Course and 
Operations of the Draughtsman in Drawing a Large House in Linear Per- 
spective. Illustrated by 39 Folding Plates. By F. O. Ferguson. Demy 
8vo, 3S. 6d. boards. [3fi«* published. 

Architectural Drawing. 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and Young Student in Architecture, By Georgs Pynb. With 14 Plates, 4to> 
ys. 6d. boards. 

Sir JVm. Chambers on Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Revised 
and Edited by W. H. Leeds, with a Memoir of the Author. 66 Plates, 4to, 
215. cloth. 

House Building and Repairing. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it Cost 
to Build, Alter, or Repair? A Price Book adapted to the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Builder. By 
James D. Simon, A.R.I.B.A. Edited and Revised by Francis T. W. Miller, 
A. R.I. B. A. With numerous Illustrations. Fourth Edition, Revised, Crown 
8vo, 35. 6d. cloth. 
" In two years It will repay Its cost a hundred times over."— FikML 

Cottages and Villas. 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS 
How to Plan and Build Them. Containing 33 Plates, with Introduction, 
General Explanations, and Description of each Plate. By James W. Bogus, 
Architect, Author of " Domestic Architecture," &c, 4to, 105. 6d. cloth. 
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The New Builder^s Brice BooJe, 1892. 

LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1892. A 

Comprehensive Handbook of the Latest Prices and Data for Builders. 

Architects, Engineers and Contractors. Re-constructed, Re-written ana 

Further Enlarged, By Francis T. W. Miller, joo closely-printed pages, 

crown 8vo, 4s. cloth. [Just published. 

" This book is a very useful one, and should find a place In every English office connected witb 
the buildinf and engineering; professiona."— Industries. 

"This Price Boole has been set up in new type. . . . Advantage hais been taken of the 
transformation taadd much additional mformation, and the volume is now an excellent book of 
x^etenoe."— Architect. 

" In its new and revised form this Price Book is what a work of this kmd should be— compre< 
hensive, reliable, well arranged, legible and well hound."— British Architect, 

" A work of establishea reputation."— ^/A^n^TMM. 

" This very useful handbook is well written, exceedingly clear in its explanations and great 
care has evidently been taken to ensure accuracy."— Afcryfin^ Advertiser. 

JDesigning, Measuringf and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORKS. Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants for Valuation of Labour, and for the Calcula- 
tion of Areas and Solidities* Originally edited by Edward Dobson, Architect. 
With Additions on Mensuration and Construction, and a New Chapter on 
Dilapidations, Repairs, and Contract?, by E. Wyndham Tarn, M.A. Sixth 
Edition, including a Complete Form of a Bill of Quantities. With 8 Plates and 
63 Woodcuts. Crown Svo, ys. 6d. cloth, 

" Well fulfils the promise of its title-page, and we can thoroughly recommend it to the class 
for whose use it has been compiled. Mr. Tarn's additions and revisions have much increased the 
usefulness of the work, and have especially augmented its value to students."^£n nneerin^. 

"This edition will be found the most complete treatise on the principles of measunn^ and 
valuing artificers' work tha^t has yet been puh]ished."--BuiidtM£ News. 

Pocket Estimator and Technical Guide* 

THE POCKET TECHNICAL GUIDE, MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS. Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
Specifications for Houses, Roads, and Drains, and an easy Method of Estimat- 
ing the parts cf a Building collectively. By A. C. Beaton, Author of 
"Quantities and Measurements," &c. Sixth Edition, Revised. With 53 
Woodcuts, waistcoat-pocket size, is. 6d. gilt edges. IJust published. 

" No builder, architect, surveyor, or valuer should be without his ' Beaton.' ' — Buildinfr News, 
"Contains an extraordinary amount of information in daily requisition in measuring and 
estimating. Its presence in the pocket will save valuable time and trouble."— iffM«/<^t>i^ IVorld. 

I>onald8on on Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 
gineers. By Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition, in 
One large Vol., Svo, with upwards of z,ooo pages of Text, and 33 Plates. 
£1 1X5. ^. cloth. 

" In this work forty-four specifications of executed works are given. Including the spedfica* 
Hons for parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Royal 
Exchange, br Mr. Tite, M.P. The latter, in particular, is a very, complete and remarkable 
document, ft embodied to a great. ipctent^ as Mr. Donaldson mentions, 'the bill of quantities 
with the description of we works.' ... It is valuable as a record, and more valuable still as a 
book of precedents. . . . Suffice it to say that Donaldson's 'Handbook of Spedficatioos 
must be bought by all architects."— ^Mi^Ulcr. 

Bartholomew and Rogers^ Specifications* 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 

on the Structure and Science of Modern Buildings. Upon the Basis of the 

Work by Alfred Bartholomew, thoroughly Revised, Corrected, and ereatly 

added to by Frederick Rogers, Architect. Second Edition, Revised, with 

Additions. With numerous Illustrations, medium Svo, 155. cloth. 

" The collection of specifications prepared by Mr. Rogers on the basis of Bartholomew's work 

Is too well known to neea any recommendation m>m us. It is one of the books with which every 

young architect must be equipped ; for time has shown that the specificatioos cannot be set aside 

through any defect in tbjtm."— Architect, 
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DttUdtnn ; Civil and EedeitlastictU. 

A BOOK ON BUILDING, Civil and Eccltsuiilical. including 
Cbnrch Retiomtion ; wilh Ihe Theory of Dome* and the Great Ptmnid, &c. 
Bt Sic Edhuhd Bickitt, Bul, LL.D., F.R.A.S-.AiilbDr ofClocka and 
Watcbn, tnd Belli," &c. Second BditioD, Enlnrgsd. Fcap. Bvo, p. clolh. 

Ventilation of BuiUlingn, 

VENTILATION. A Tixl Book to Ikt Practict of til Art 0/ 

R.P., Sn'nifarj and ViniiiatinE EaRineer, ABtllor of '■ Plomblnn." Ac. Willi 
170 IlluilralioDi. iimo, 41. clolh hoardi. [jml publitkcd. 

Xft« Art of numbing. 

PLUMBING. A Tixl Book to Ihi Pracliu of tht Art or Craft of 

lalat Impmiiminls. By Willuk Paiok Biich*b. R.P., Sanilarr li^guieer 
■od PiacUcil PIuidIw[. Siilh Edition, Ealuged to 370 pages, and jSo 






Uukanic, Giving Rules tor the Deliasation ud ApplicatioD of Tarionm 
Geomstrical Linea, Pignres and Curves. By B. W. Taih, M.A., Archilecl, 
Author of "The SciEnce of Baildiog," Ac Second Edition. Witb 171III11S- 



gli. By OLivaiiBvRNE 



rclB, and Hit tai of Colound Diagrami aiu 
Coloured Plates. Crown B'o, 31. U. cloth. 



DXCOBATITX ARTS, etc 

troode and Marbles (Xtnitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
ASD MARBLES, a Ti-iibt and Practised by A. R. Van dh BDiaandP. 
Vaii d" Bum, Directors of the Rotterdam Painting Inatitntioa. Royal frdio, 
iSt by tit in,.,llluilrated with 14 full-site Coloarsd PUtes: also la plain 
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Souse Decoration* 

ELEMENTARY DECORATION, A Guide to the Simpler 
Forms of Everyday Art, as applied to the Interior and Exterior Decoration of 
Dwelling Houses, &c. By Jambs W. Facby, Jun. With 68 Cuts. lamo, as. 
cloth limp. 

PRACTICAL HOUSE DECORATION : A Guide to the Art of 
Ornamental Paintingj the Arrangement of Colours in Apartments, and the 
principles of Decorative Design. With some Remarks upon the Nature and 
Properties of Pigments. By Jambs William Facey, Author of " Elementary 
Decoration," &c. With numerous Illustrations. i2mo, 2S. 6d. cloth limp. 
N.B,-'Tht above Two Works together in One Vol,, strongly half-bound, 5s, 

Colour* 

A GRAMMAR OF COLOURING, Applied to Decorative 
Painting and the Arts. By George Field. New Edition, Revised, Enlarged, 
and adapted to the use of the Ornamental Painter and Designer. By Ellis 
A. Davidson. With New Coloured Diagrams and Engravings. lamo, ss. 6d, 
cloth boards. 
"The book is a most useful rtsunu of the properties of pisments."— ^MiAitr. 

House Baintingf Ch'aining, etc* 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING, A Practical Manual of. By Ellis A. Davidson. Sixth Edition. 
With Coloured Plates and Wood Engravings. lamo, 6s. clolh boards. 

" A mass of infonnatioa, of use to the amateur and of value to the practical maa."—En£'tish 
Mechanic. 

" Simply invaluable to the youngster enterinf^ upon this particular calling, and highly service* 
able to the man who is practising it. -^FurHt/ure Gazette, 

Decorators, Receipts for, 

THE DECORATOR'S ASSISTANT: A Modem Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. Fourth Edition, Revised. 152 pp., crown 8vo, is. in wrapper. 
" Full of receipts of value to decorators, painters, gilders. &c. The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to meet with a work so full 
of varied information on the paintei's art."— Bui/dingr News. 

" We recommend the work to all who, whether for pleasure or profit, require a guide to decora- 
tion." — Plumber and Decorator. 

Moyr Smith on Interior Decoration, 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 
By J. Moyr Smith. Super-royal 8vo, with 32 full-page Plates and nomerooa 
smaller Illustrations, handsomely bound in cloth, gilt top, price i8s. 

" The book is well illustrated and handsomely got up, and contains some true criticism and a 
good many good examples of decorative treatment. —T^Ae Builder. 

" This is the most elaborate and beautiful work on the artistic decoration of interiors that we 
have seen. . . . The scrolls, panels and ather designs from the author's own pen are very 
beautiful and chaste ; but he takes care that the designs of other men shall figure even more than 
his own." — Liverpool Albion. 

" To all who take an interest in elaborate domestic ornament this handsome volume wiO be 
welcome." — Graphic. 

British and Foreign Marbles* 

MARBLE DECORATION and the Terminology of British and 

Foreign Marbles, A Handbook for Students. By George II. Blagrove, 

Author of " Shoring and its Application," &c. With 28 Illustrations. Crown 

6vo, 3S. 6d. cloth. 

" This most useful and much wanted handbook should be in the hands of every architect and 
ha\\der."—Buildin£r fVorld. 

" It is an excellent manual for students, and interesting to artistic readers generally."— ^a/Mrufay 
Revira/. 

" A carefully and usefully written treatise ; the work is essentially pra,ctical,"—Scoetman. 

Marble Working, etc* 

MARBLE AND MARBLE WORKERS: A Handbcok for 

Architects, Artists, Masons and Students. Bv Arthur Lee, Author of " A 

Visit to Carrara," " The Working of Marble," &c. Small crown 8vo, ?s. cloth. 

" A really valuable addition to the techrlcal literature of architects and masons."— ^wtfdM^ 

News. 

C 
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D£UliOTT£'8 WORKS OH ILLUMiNATION AND ALPHABETS. 



A PRIMER OP THE ART OP ILLUMINATION, for tk$ Use of 
Btginnert : with a Rudimentary Treatise on the Art, Practical Directions for 
its exercise, and Examples taken from Illuminated MSS., printed in Gold and 
Colours. By F. Deulmottb. New and Cheaper Edition. Small 4to, 6s. orna- 
mental boards. 
** Tha examples of andeat MSS. "■'•** « "'*~< ^ tc the student, which, wMi nmch eood senses 

Hw muthor chooses from coQectioas accesslbltt to ail are selected with fudgmeat and Knowledge, 

M wen as taste."— j4M«m«mm. 

ORNAMENTAL ALPHABETS, Ancient and Mediavah fivm the 
Eighth Century, with Numerals; including Gothic, Church-Text, lar^ and 
small, German, Italian, Arabesque^ Initials for Illumination, Monoirams, 
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, En|;ravers, 
Carvers, &c. &c. Collected and Engraved by F. Dblamotte, and prmted in 
Colours, New and Cheaper Edition. Royal 8vo, oblong, as. 6d, ornamental 
boards. 

** For those who Insert enamelled sentences rooad gilded chalices; who blazon shop I^^ends over 
shop-door% who letter church walls with pithy sentences from the Decalogue, this book wiU be uso- 

EXAMPLES OP MODERN ALPHABETS, Plain and Ornamental; 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En^ossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Orlgmal Designs, and an Analysis of the Roman and Old En^sh 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and Engraved by F. Delamottb, and printed in Colours. New 
and Cheaper Edition. Royal 8vo, oblong, as. 6d. ornamental boards. 

"There Is comprised in It every possible shape into which the letters of the alphabet and 
nnmerals can t>e formed, and the talent which has been expended In the conception of the various 
plain and ornamental letters is wonderful."— >Ste«MbnC 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NA TORS. B^ P. G. Delamottb. Containing 21 Plates and Illuminated 
Title, printed m Gold and Colours. With an Introduction by T. Willis 
BsooKS. Fourth and Cheaper Edition. Small 4to, 4s. ornamental boards. 
** A volume In which the letters of the alphabet come forth glorified in gilding and all the cokwirs 

of the prism interwoven and intertwined ana intermingled."— sSi^m. 

THE EMBROIDERER'S BOOK OP DESIGN. Containing 
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modern Alphabets, and National Emblems. Col- 
lected by F. Delamotts, and printed in Colours. Oblong royal 8vo, is. 6d. 
ornamental wrapper. 

*' The book will be of great assistance to ladles and young chfldren who are endowed with the 
ait of plying the needle in this most ornamental and useful pretty work."— fax/ Anglian Tifftes, 



Wood Carving, 

INSTRUCTIONS IN WOOD-CARVING, for AmaUurs; with 
Hints on Design. By A Lady. With Ten Plates. New and Cheaper Edition. 
Crown 8vo, as. in emblematic wrapper. 

" The handicraft of the wood-carrer, so well as a book can Impart It, may be learnt firom ' A 
Lady's' publication."— ^M<Mir«fM. 

** The directions given are ptain and easQy understood."— fiv^irA ifechanie, 

Qlass Tainting* 

GLASS STAINING AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gbssert and Emanuel Otto Fromberq* 
With an Appendix on Thb Art of Emauelling, xamo, as. 6d, cloth limp. 

Letter Painting, 

THE ART OF LETTER PAINTING MADE EASY. By 
Jambs Greiq Badbnocb. With la full-page Engravings of Examples, xs. 6d, 
cloth limp. 

" The system is a simple one, but quite original, and wefl worth the careAiI stteatlon of letter 
painters. It can be easily mastered and remembered."— ^Mift^^rv Ntwt, 
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CARP ENTRY, TIMBER , etc. 
Tredgold'8 Carpentry ^ Mevised db Enlarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Uniting Iron and Stone with Timber, &c. To which is added an Essay 
on the Nature and Properties of Timber, &c., with Descriptions of the kinds 
of Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, &c. By Thomas 
Tredgold, C. E. With an Appendix of Specimens of Various Roofs of Iron 
and Stone, Illustrated. Seventh Edition, thoroughly revised and considerably 
enlarged by E. Wyndham Tarn, M.A., Author of "The Science of Build- 
ing," &c. With 61 Plates, Portrait of the Author, and several Woodcuts. In 
one large vol., 4to, price £1 5s. cloth. 

"Ought to be in every architect's and every bunder's l1braxY.'''—Buiiel€r. 
" A work whose monumental excellence must commend it wherever skilful carpentry Is con* 

cemed. The author's principles are rather confirmed than impaired by time. The additional 

folates are of great intrinsic YiX\xe"-'Builditi£ News, 

Woodworking Machinery, 

WOODWORKING MACHINERY : Its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and the Economi- 
cal Conversion of Timber. Illustratediwith Examples of Recent Designs by 
leading English, French, and American Engineers. By M. Powis Bale 
A.M.lnst.C.E., M.I.M.E. Large crown 8vo, izs. 6d, cloth. 
" Mr. Bale is evidently an expert on the subject and he has collected so much Information that 

Ms book is all-sufficient Cor builders and others engaged in the conversion of timber."— ^nrA^^c/. 
"The most comprehensive compendium of wood-working machinery we have seen. Tlie 

author is a thorough master of his suDject." — Building News. 

" The appearance of this book at the present time will, we should think, give a considerable 

Impetus to the onward march of the machinist engaged in the designing and manufacture of 

wood-working machines. It should be in the office of every wood-working factory."— >£^/»j^/» 

tiecftanic. 

Saw Mills. 

SA W MILLS : Their Arrangement and Management, and the 
Economical Conversion of Timber. (A Companion Volume to " Woodwork- 
ing Machinery.") By M. Powis Bale. With numerous Illustrations. Crown 
8vo, los. 6d. cloth. 

" The admtnistraii<m of a large sawing establishment Is discussed, and the subject examine*, 
fcrom a financial standpoint. We could not desire a more complete or practical treatise."— 5»«/</ier. 
" We highly recommend Mr. Bale's work to the attention and perusal of all those who are en- 
gaged in the art of wood conversion, or who are about building or remodelling saw-mills on im- 
proved principles."— ^M«A/>M^ News, 

Carpentering. 

THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 
penters ; comprising all the Elementarv Principles essential for acquiring a 
knowledge of Carpentry. Founded on the late Peter Nicholson's Standard 
Work, A New Edition, Revised by Arthur Ashpitel, F.S.A, Together 
with Practical Rules on Drawing, by Georqb Pynb. With 74 Platesi 
4to, £i IS. cloth. 

Mandrailing and Stairhuilding* 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods for Finding the Pitch of the Plank, Drawing the 
Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By George 
CoLLiNGS. Second Edition, Revised and Enlarged, to which is added A 
Treatise on Stairbuildinq. With Plates and Diagrams, zamo, 2s. 64. 
cloth limp. 

" Will be found of practical utility in the execution of this difficult branch of lomerj."— Builder. 

" Almoi>t every diincult phase of this somewhat intricate branch of joinery is elucidated by the 
«!d of plates and explanatory letterpress."— i^wrwi/Mrtf Gaxette, 

Circular TVorJc 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 
Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collings, Author of " A Practical Treatise on Handraillng." Illus- 
trated with numerous Diagrams. Second Edition. z2mo, ss. 6d, cloth limp. 
" An excellent example of what a book of this kind should be. Cheap In price, clear fn defini> 

tlon and practical in the examples selected."— Z^wiA'cr. 
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nmber Merchant's Companion* 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION, Cootaining New and Copioas Tables of the Reduced Weight and 
Measorement of Deals and Battens, of all sizes, from One to a Thousand 
Pieces, and the relative Price that each sixe bears per Lineal Foot to any 
nven Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
Square Timber to any given Price per Load of 50 Feet; the proportionate 
Value of Deals and Battens bv the Standard, to Square Timber by the Load 
of 50 Feet ; the readiest mode of ascertainmg the Price of Scantling per 
Lineal Foot of any size, to any given Figure per Cube Foot, Sec, Ac Bv 
WixxiAM Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. ci. 
** We are glad to see a fourth editioo of these admirable tables, which for conrectnest amJ 

dfl^tUchy of arrangement leave nothing to t>e desired."— Timter Trades ^mtmoL 

** An esceedinfiily well-arranged, ckBar, and oondse manual of tattles for the tue of all whobuj 

or adl timber."— TMcrMo/ ^ tmrtstry, 

JPr€ictic€U Timber Merchant* 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., comprising 
useful Tables for all purposes connected with the Timber Trade, Marks of 
Wood. Essay on the Strength of Timber, Remarks on the Growth of Timber, 
Ac. By W. Richardson. Fcap. 8vo, iS. 6d. cloth. 
"This haindy manual contains much Taluable mformation for the use of timber merchants, 

boUden, forestei^ and all others connected with the growtl^ sale^ and maaufiicture of timber."— 

y«MnM/ ^ F«rtstry. 

Timber Freight Book* 

THE TIMBER MERCHANTS. SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT, Comwising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William 
Richardson, Timber Broker; together with a Chapter on *' Speeds of Saw 
Mill Machinery," by M. Powis Bale, M.LM.E., &c. lamo, 3s. 6d, cl. boards. 

** A very useful manual of rules, tables, and memoranda relating to the timber trade. We re^ 
commend it as a compendium of calculation to all timber measurers and merchants, and as sopplyw 
lag a real want in the trade."— ^Mii/tfMV News. 

Paehing^Case Makers^ Tables for. 

PACKING-CASE TABLES ; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards* 
By W. Richardson, Timber Broker. Third Edition. Oblong 4to, 35. 64. cl. 
** Invaluable labour-saving tables." — IroHtftoHgtr. 
** Win save much labour and calculation. "—Groetr, 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 

SUREMENT, Tables calculated from z to 200 inches in len^h, by i to 108 

inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 

Merchants, Builders* &c. By James Hawkings. Third edition. Fcap., 

3s. 6d. cloth. 

" A usefol coOection of tables to AcOitate rapid calculation of snrfhces. The exact area of any 

Borface of which the limits have been ascertained can be instantly determined. The book wlU ba 

found of the greatest utility to all engaged in building ODeratlons."^sScoi:ffnax. 

" These tables will be found of f^'eat assistance to all who require to make calculations in super, 
fidal measurement."— ^fv^ir A JiecAaHic, 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to aflford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F. B. 
Hough. Large crown 8vo, los. cloth. 

Tim^ber Im,porter's Guide. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS AND 
BUILDER'S STANDARD GUIDE. By Richard E. Grandt. Comprise 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
Vsuues and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised. i2mo, 35. cloth limp. 
*' Everything It pretends to be : built up gradually, it leads one from a forest to a treenail, and 

throws in, as a makeweight^ a host of materiu concerning bricks, columns, cisterai^ tK,"—£nf'lisM 

MtcManic 
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MARINE ENQINEERINQ, NAVIQATION, eto. 

Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manu&cturers of Cables, &c. &c. Bv Thomas W. Traill, F.E.R.N., 
M. Inst. C.B., Engineer Survejror in Chief, B«ard of Trade, Inspector of 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £2 as. cloth, 
bevelled boards. 

" It contains a vast amount of valuable infonnadon. Nothingr seems to be wanting to make It 
« complete and standard work of reference on the subject."— ^A'kBM/^^s/ MagoMin*. 

Marine ^Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatise 
on). By Robert Murray, C.E. Eiehth Edition, thoroughly Revised, whh 
considerable Additions by the Author and by George Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpool. X2mo, 5s. cloth boards. 
" Well adapted to give the youngr steamship engineer or marine engine and boUer maker a 

general introduction into his practical work." — Mechanical IVorld. 

" We feel sure that this thoroughly revised edition will continue to be as popular In the fliture 

as it has been in the past, as, for its size, it contains more useful information than any rimilar 

txvaliaib."— Industries, 

The information given Is both sound and sensible, and well qualified to direct young sea« 

eoing hands on the straight road to the extra chief's certificate. Most useful to surveyors, 

mspectors, draughtsmen, and all young engineers who take an interest in their jM-ofession."— 

Giasgow Heraldm 
"An indispensable mannal for the student of marine engineering."— Z,^«w*:f»0o/ Mercury' 

PockeUBoohfiyr Naval Architects and ShipbuiUier8» 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula, Rules, and Tables^and MARINE ENGINEER'S 
AND SURVEYOR'S Handy Book 0/ Reference. By Clement Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Fourth 
Edition, Revised. With numerous Diagrams, &c. Fcap., xas. 6d, strongly 
bound in leather. 

" WtD be found to contain the most usefiil tables and formulae required by shipbuilders, carefully 
collected from the best authorities, and put together in a popular and simple {ona."~-Iingin€er. 

"we 

DUI 

. . Ide . 

his memory which will not be lound within the covers of Mr. Mackrow's hook."— English Mechanie, 

PocJcet-Booh for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULJS FOR MARINE ENGINEERS. By Frank Proctor, A.I.NA. 
Third Edition. Royal samo, leather, gilt edges, with strap, 45. 
** We recommend it to our readers as going far to supply a long-ielt waat,"— Naval Scimet, 
*' A most useful companion to all marine engineers."— {^tfctf Sirviee Gojuttt, 

Introduction to Marine Engineering. 

ELEMENTARY ENGINEERING : A Manual for Young Marine 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Management of 
Marine Engines and Boilers, Geometry, &c. Sec. With an Appendix of Useful 
Tables. By John Sherren Brewer, Government Marine Surveyor, Hong- 
kong. Small crown 8vo, as. cloth. 

" Contains much valuable information for the dass for whom it b Intended, espedaDy In the 
chapters on the management of boilers and engines."— AbM/Vca/ Magatine, 

** A useful introduction to the more elaborate text books." — Scotsman. 

" To a student who has the requisite desire and resolve to attain a thorough knowledge, Mr. 
Brewer oflers decidedly useful help."— ^Mmmcmm. 

Navigation. 

PRACTICAL NAVIGATION. Consisting of Thb Sailor's 
Sea-Book, by James Greenwood and W. H. Rossbrj together with the 
requisite Mathematical and Nautical Tables for the Workmg of the Problems, 
by Henry Law, C.E., and Professor J. R. Youno. Illustrated, zamo, 7s. 
strongly half-bound. 



" The professional shipbuilder has now, m a convenient and accessible form, reliaUe data for 
solving many of the numerous problems that present themselves in the course of his work."— /rvw. 
"There is scarcely a subject on which a naval architect or shipbuilder can require to refresh 
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MINma AND METALLURGY. 



Metftttiferous Mining in the United Kingdom. 

BRITISH MINING : A Treatise on the HUtory, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mines in the United King' 
dom. By Robert Hunt, F.R.S., Keeper of Minine Records; Editor of 
" Ure'8 Dictionary of Arts, Manufactures, and Mines, &c. Upwards of 959 
pp., with 230 Illustrations. Second Edition, Revised. Super-royal 8vOr 
tCa as. cloth. 

" One of the most valuable works of raferenco of modem times. Mr. Hunt, as keeper of mkdnff 
ncords of the United Kingfdom, has had opportunities for such a task not enjoyed by anyone els^ 
■ad has OTidendy made the most of them. . . . The language and style adopted are good, and 
the treatment of the rarious subjects laborious* conscientious, and scientific." — Engineerings. 

"The book is, in fact, a treasure-house of statistical information on mininir subjects, and we 
know of no other work embodying so great a mass of matter of this kind. Were this the only 
merit of Mr. Hunt s volume, it would be sufficient to render it indispensable in this library of 
ereryone interested in the derelopment of the mining and metallurgical mdustries of this country. '^ 
'-AtJunieum. 

" A mass of Information not elsewhere avaflable. and of the greatest value to those who may 
b« interested in our great minenl Industries."— £'yr^'n«er. 

** A souQ(L tHisiness-like collection of interesting facts. . . . The amount of informatioii 
Iff. Hunt has brought together is enormous. . . . The volume appears likely to convey mors 
Instruction upon the subject than any work hitlierto published."— il/«i»wy journal. 

Colliery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
hensive Treatise on the Laying-out and Working of Collieries, Designed as 
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining 
Students preparing for First-class Certificates. By Caleb Pamely, Mining 
Engineer and Surveyor; Member of the North of England Institute off 
Mining and Mechanical Engineers ; and Member of the South Wales Insti- 
tute of Mining Engineers. With nearly 500 Plans, Diagrams, and other 
Illustrations. Medium 8vo, about 600 pages. Price £1 5s. strongly bound. 

{Just published. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM, Comprising a Description of the Coal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribu- 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
of Iron Ores in Veins or Seams ; Analyses of each Variety ; and a History o) 
the Rise and Progress of Pig Iron Manufacture. By Richard Meade, Assistant 
Keeper of Mining Records. With Maps. 8vo, £1 8s. cloth. 
*' The book is one which must find a place on the shelves of all Interested In coal and Iron 

-production, and in the Iron, steel, and other metallurgical Industries."— £»^>rr«r. 

" Of this book we may unreservedly say that it is the best of its class which we have ever met. 
. . A book of reference which no one engaged in the iron or coal trades should omit from his 

library."— /rvM and Coal Trades Review, 

Prospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
spector and Traveller in Search of Metal- Bearing or other Valuable Minerals^ 
By J. W. Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New 
Caledonia." Fifth Edition, thoroughly Revised and Enlarged. Small 
crown 8vo, 3J. 6d, cloth. 

" Will supply a much felt want, especially among Colonists, In whose way are so often thrown 
naay mineraltmcal specimens the value of which it is difficult to determine. —i:n^'M<er. 

*' How to find commercial minerals, and how to identify them when they are touaA, are the 
leading points to which attention is directed. The author has managed to pack as mnchpractical 
detail mto fais pages as would supply material for a book three times its siae."— 4f (m**^ youmai. 

Mining Notes and FortnuliB. 

NOTES AND FORMULAE FOR MINING STUDENTS. By 

tOHN Hbkuan Mbrivax^e, M.A., Certificated Colliery Manager, Professor of 
fining in the Durham College of Science, Newcastle-upon-Tyne. Third 
Edition, Revised and Enlarged. Small crown 8vo,25. 6^ cloth. 
" Invaluable to anyone who Is working up for an examination on mining subjects. "--Ctfa/aMif 
Iron Trades Retnew. 

** The author has done his work In an exceedingly creditable manner, and has produced a book 
tiiat will be of service to students, and those who are practically engaged in mining operations."— 
Engineer. 

" A vast amount of technical matter of the utmost value to mining eng^eers, and of conslde** 
able Interest to Avk^vaXs,"— Schoolmaster, 
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Explosives* 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 
Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
Cotton, Nitro-Glycerine and other Explosive Compounds. Including the 
Manufacture of Collodion-Cotton. By M. Eissler, Mining Engineer and 
Metallurgical Chemist, Author of " The Metallurgy of Gold," &c. With 
about 100 Illustrations. Crown 8vo, los. 6d. cloth. 

" Useful not only to the miner, but also to officers of both services to whom blasting and tba 
use of explosives geai&taMy may at any time become a necessary auxiliary." — Nature. 

" A veritable mine of mformation on the subject of explosives employed for military, mining 
and blasting' purposes."— ^rmy and Navy Gazette. 

" The book is clearly written. Taken as a whole, we consider it an excellent little book and 
one that should be found of great service to miners and others who are engaged in work requiring 
the use of explosives."— ^^^»<?wm. 

Qoldf Metallurgy of. 

THE METALLURGY OF GOLD : A Practical Treatise on the 
Metallurgical Treatment of Gold-bearing Ores. Including the Processes of 
Concentration and Chlorination, and the Assaying, Melting and Refining of 
Gold. By M. Eissler, Mining Engineer and Metsdlurgical Chemist, formerly 
Assistant Assayer of the U.S. Mint, San Francisco. Third Edition, Revised 
and greatly Enlarged. With 187 Illustrations. Crown 8vo, 12s. 6d, cloth. 

" This book thoroughly deserves its title of a ' Practical Treatise.' The whole process of gold 
milling, from the breaking of the quartz to the assay of the bullion, is described in clear and 
orderly narrative and with much, but not too much, fulness of deXa.U.."—Saturelay Revtew. 

" The work is a storehouse of information and valuable data, and we strongly recommend it to 
all professional men engaged in the gold-mining vaAvi&xy"— Mining journal 

Silver, Metallurgy of, 

THE METALLURGY OF SILVER : A Practical Treatise on 
the Amalgamation, Roasting and Lixiviation of Silver Ores, Including the 
Assaying, Melting and Refining of Silver Bullion. By M. Eissler, Author 
of " The Metallurgy of Gold '• Second Edition, Enlarged. With 150 Illus- 
trations. Crown 8vo, 105. 6d. cloth. [Juit published. 

" A practical treatise, and a technicaJ work which we are convinced will supply a long-felt want 
amongst practical men, and at the same time be of value to students and others mduectly connected 
with tne indastties."— Mining' youmal. 

" From first to last the book is thoroughly sound and reVab)s."—CoUiery Guardian. 

" For chemists, practical miners, assayers and investors alike, we do not know of any work 
on the subject so handy and yet so comprehensive."— GAm^^w Herald. 

Silver-Lead, Metallurgy of. 

THE METALLURGY OF ARGENTIFEROUS LEAD: A 
Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modern Furnaces and Plants in Europe and America. By 
M. Eissler, M.E., Author of "The Metallurgy of Gold," &c. Crown 8vo. 
400 pp., witn numerous Illustrations, 12s. 6d, cloth. [Just published, 

MettMiferous Minerals and Mining. 

TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S., Mining Engineer, &c.. Author of "A 
Treatise on Slate and Slate Quarrying." Illustrated with numerous Wood 
Engravings. Fourth Edition, carefully Revised. Crown 8vo, 12s, 6d, cloth. 

"Neither the practical miner nor the general reader interested in mines can have a better book 
for his companion and his g\iide."-^Mining journal. [Mining IVorld. 

"We are doing our readers a service m calling their attention to this valuable work."— 
'* As a history of the present state of mining throughout the world this book has a real value, 
■nd it supplies an actual ynaX,"—Ath«naum. 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY 6- OTHER MINERALS AND 
MINING. By D. C. Davies, F.G.S. Uniform with, and forming a Com- 
panion Volume to, the same Author's '* Metalliferous Minerals and Mining." 
With 76 Wood Engravings. Second Edition. Crown 8vo, 12s. 6d. cloth. 

"We do not remember to have met with any English work on mining matters that contains 
the same amount of information packed in equally convenient form."— ^ooormy. 

" We should be inclined to rank it as among the very best of the handy technical and trades 
T" ?i«"aig which have recent^ appeared."— ^r^/txA Quarterly Review, 
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Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE, comprising a Treatiu on Improved Mining Surveying and the Valua- 
tion of Mtninf Properties, with New Traverse Tables. By Wu. Limtkrn, 
Mining and Civil Engineer. Third Edition, with an Appendix on " Magnetic 
and Angular Surveying," with Records of the Peculiarities of Needle Dis- 
turbances. With Four Plates of Diagrams, Plans, Ac. lamo, 4s. cloth. 
** Mr. Lintetn's bo<dc toaa» a Taluable and norougfaly trustwoxtby guide."— /rvM mnd Coal 

TratUs Revirm. 

** This new editiaa oinic b« of the Ughert value to coQiery sunrqron, proprietors and mana- 

tm.''—(M/iery Guardian. 

Asbestos and its Uses, 

ASBESTOS : Its Properties, Occurrence and Uses, With some 
Account of the Mines of Italy and Canada. By Robbrt H. Jones. With 
Eight Collotype Plates and other Illustrations. Crown 8vo, 12s. 6d. cloth. 
** An interesting and in-valoable work.'— Co/U<rv Guardian. 

** We counsel our readers to get this exceedingly interesting worlc for themsehres ; they will 
ind in it much that is suggestive, and a great deal tliat is of immediate and practical usefulness." — 
BttHtUr. 

" A valuable additioo to the architect^ and engineer's library."— ^Mt/tft/^ Hews. 

Underground Tumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip- 
tion of a large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forma of Pumping Machinery. By Stbphkm 
MiCHKLL. 8vo, X5S. cloth. 
"Will be highly esteemed by colBery owners and lessees, ndidng engineers, and students 

gvoeraHy who require to be acquainted with the best means of securing the drainage of mines. It 

M a most valuable work, and stands almost alone in the literature of steam pumping machinery."— 

Ctliitry Guardian. 

" Much valuable information is given, so that the book b thoroughly worthy of an extensive 

circulation amongst practical men and purchasers of machinery."— if<»<n^ journal. 

Mining Tools. 

A MANUAL OP MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. x2mo, 2s. 6d. cloth limp. 

ATLAS OF ENGRAVINGS to Illustrate the above, contain- 
ing 235 Illustrations of Mining Tools, drawn to scale. 4to, 45. 6d. cloth. 
"Students in the science of mining, and overmen, captains, managers, and viewers may gain 

practical knowledge and useful hints by the study of Mr. Morgans' manual." — Colliery Guardian. 
*' A valuable work, which will tud materially to improve our mining literatura."— Jfm^Nig 

youmal. 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary Treatise on. By 
the late Sir Waringtom W. Smyth, M.A., F.R.S., &c.. Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
numerous Illustrations, ismo, 4s. cloth boards. 
"As an outline is given of every known coal-field in this and other countries, as well as of the 

Blndpal methods of working, the DoOk wQl doubtless interest a very large niunber of readecs.*— 
'in*n£ youmal. 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on^ with and without the Magnetic Needle. By Thomas Femwick, 
Surveyor of Mines, and Thomas Bakbr, C.E. Illust. lamo, 35. cloth boards. 

Granite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES. By 
George F. Harris, F.G.S., Membre de la Soci£t6 Beige de G^olorie, Lec- 
turer on Economic Geology at the Birkbeck Institution, &c. With Illustra- 
tions. Crown 8vo, 2s. 6d. cloth. 
" A clearly and well-wriiten manual for persons engaged or interested in the granite Industry." 

—Scots9»aH. 

" An interesthig work, which will be deservedly esteemed."— C«?//fe»^ Guardian. 

" An exceedingly interesting and valuable monograph on a subject which has hitherto received 

unaccountably little attention in the shape of systematic literary treatment."— 5<r0/^A Leader, 
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Electrical Engineering. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OP 
MODERN KULES, FORMULA, TABLES Af^D DATA. By H, B. 
Kbupe, M.lnsi.E.E., A.M.InsiC.E.,TecbDioal Officer Postal Telegraph i. 
AulhorofAHanilbDok of Electrical Testing," Ac. With noiiieroui lllaa- 



Electric lAghting. 

ELECTRIC _ LIGHT FITTING : A Handbook for WorkiQg 
inent. By JoH»W.UitcuHAKi, Eleotric'ian, Author of "Elecmc Light," ic. 
With numeroui liluatratioDS, crown Bto. 51. cloth. Uwl f-iiilishid. 



Electric Light. 

ELECTRIC LIGHT : Its Proiueliim mS Ust. Embodying Plain 

Diieetioaa for Iba Treatment of DynaiDo-Electric MachinES, Batteries, 
' tort, and Eieclrlc Lampi. By J. W. UnauRABT, C.E., Author of 
Litbt Flltiog," Ac Fouith Edition, Revised, with LaigeAddiUont 
'-uttntioni. Crom 8vo, 71- 6J. doiii. __ rj^pubiisliti. 






ConMruction of Dynamos. 

DYNAMO CONSTRUCTION : A Practical Handboalt for thi Uit 
B] Ennnttt CmOnuton and Eltctriaans in Charge. With Eiamplea of 
leading English, American and Continental Dynamos aod Matois. By J, W. 
UsguiuaT, Author of " Electric Light," &c. Crown B;o, 71, 6d. cloth. 



MAGNETISM By Philip Atkinsoh, A.M., Ph.D. Crown Sto. 400pp. 
With iiDllluslraliona. loi. 6d. cloth, Qcif^Hdluk.d. 

Text Booh of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 

Hehht M. NoAn, Ph.D., F.R.S., F.aS. New Edition, careblly Revised. 
With an Inlioduction ami Additional Chapters, by W. H. Pbmck, M.l.CE., 
Vice-President of the Society of Telegraph Englneera, Ac With 470 lUostra- 
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Nectrie lAghting* 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT- 
ING, By AxjiM A. Campbell Swintom, Associate I.E.E. Second Editiooi 
Enlarged and Revised. With x6 Illustrations. Crown 8vo, is. 6d, cloth. 
"Anyone who desires a short snd thoroaghly dear expositloa of the elementaiy principles oi 
sfacttic-Ugfadng cannot do better than read this little work.*'— iPru4^7witf Obstrver, 

Electricity. 

A MANUAL OP ELECTRICITY: Including Galvanism, Mag- 
netism, Dia-Magiutism, EUctro-Dynamics, Magno-Electricity, and the RlectrU 
Telegraph. By Hsnbt M. Noad, Ph.D., F.R.S., F.C.S. Fourth Edition. 
With 500 Woodcuts. 8vo, £1 41. cloth. 
** It h worthy of a place In the library of every public institution."— Jtfite^r^ JoumaU 

I>ynafno Construction. 

HOW TO MAKE A DYNAMO : A Practical Treatise for Amateurs, 
Containing numerous Illustrations and Detailed Instructions for Construct- 
in^ a Small Dynamo, to Produce the Electric Light. Bv Alfrkd Crofts. 
Third Edition, Revised and Enlarged. Crown 8vo, as. cloth. 
"The instructions given in this unpretentious little book are sufficiently clear and ezpKcit to 

enable any amateur mechanic possessed of average &klU and the usual tools to be found in ao 

amateur's workshop, to build a practical dynamo machine." — EUctrician, 



NAT URAL SCIENCE , etc. 

JPneumatics and Acoustics. 

PNEUMATICS : including Acoustics and the Phenomena of Wind 

Currents, for the Use of Beginners. By Charles Tomlinsom, F.R.S. 

F.C.S., &c. Fourth Edition, Enlarged, izmo, is. 6d, cloth. 

" Beginners in the study of this important application of sdence could not have a better manual." 
^mSeotsman, *' A valuable and suitable text^book for students of Acoustics and the Pheno* 
mena of Wind CuxTvats."-nScJk«oim4uUr. 

Conchology. 

A MANUAL OF THE MOLLUSC A : Being a Treatise on Recent 
and Fossil Shells. By S. P. Woodward. A.L.S., F.G.S., late Assistant 
Palaeontolonst in the British Museum, with an Appendix on Recent and 
Fossil Concnological Discoveries, by Ralph Tate, A.L.S., F.G.S. Illustrated 
by A. N. Waterhouse and ]osbph Wilson Lowrt. With 23 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Ed., z88o. Cr. 8vo, 7s. 6d, cl. 
** A most valuable sto r ehouse of conchoiogical and geological biformation."— i5ct<M£« Gossip. 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL. Consisting of *• Physical Geology." which sets forth 
the leading Principles of the Science ; and " Historical Geology," which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tate, A.L.S.. F.G.S., &c. With 250 Illustrations, xamo, 5s. cloth. 
" The fulness of the matter has elevated the book into a manuaL Its infonnation Is exhaustive 
and wen arranged."-^<-A«0/ Beard Ckronide* 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or. Geology and 
Genesis : their Perfect Harmony and Wonderful Concord. Bv Gborqb W. 
Victor lb Vauz. Numerous Illustrations. Fcap. 8vo, 5s. cloth. 
" A valuable contribution to the evidences of Revelation, and disposes very condudvely of the 
arguments of those who would set God's Works agdnst God's 'Wotd.^'—The Rock, 

The Constellations. 

STAR GROUPS: A Student's Guide to the Constellations, By 
J. Ellard Gore, F.R.A.S., M.R.I. A., &c., Author of "The Scenery of the 
Heavens." With 30 Maps. Small 4to, 5s. cloth, silvered. SJust published. 

Astronomy. 

ASTRONOMY. By the late Rev. Robert Main, M.A. , F.R.S., 
formerly Radcli£fe Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by W. T. Lynn, B.A., F.R.A.S. lamo, 2s. cloth. 
" A sound and wnple treatise, very carefully edited, and a capital book for b^innecs.**— 
KnetoUign. \tioneU Times, 

\* Accurately broug^ht down to the requirements of the present time by Mr. Lynn."— JSmCmcw- 
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DR. LARDNER '8 COURSE OF NATURAL PHILOSOPHY. 

THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
written by Bbnjauim Loswy, F.R.A.S. With 378 Illastrations. Post 8vo, 
6s. cloth. 

"The perspicuity of the original has been ret^ned, and chapters which had become obsolete 
have been replaced by others of more modem character. The explanations throughout are 
studiously popular, and care has been taken to ^ow the application of the various branches of 
physics to the industrial arts, and to the practical business of hie."— Aftnt'^^ yonmal, ^ 

" Mr. Loewy has carefully revised the book, and brought it up to modem requirements. — 
Nature. 

" Natural philosophy has had few exponents more able or better skilled In the art of pM>u* 
larising the subject than Dr. Lardner ; and Mr. Loewy is doing good service in fitting this treatise* 
and the others of the series, for use at the present time."— %S<»A»m»». 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

New Edition, Revised and Enlarged, by Benjamin Loewy, F.R.A.S. With 

236 Illustrations. Post 8vo, 5s. cloth. 

"For those 'who desire to attain an accurate knowledge of physical science without the pro* 
found methods of mathematical investigation,' this work is not merely intended, but well adapted^" 
'-Cfutnical News. 

" The volume before us has been carefully edited, augmented to nearly twice the bulk of the 
former edition, and all the most recent matter has been aoded. . . . It is a valuable text-book." 
^-Nature. 

" Candidates for pass examinations wOl find it, we think, specially suited to thdr requirements." 
Enji^lish Mechanic 

THE HANDBOOK OF HEAT, Edited and almost entirely re- 
written by Benjamin Loewy, F.R,A.S., &c. 117 Illustrations. Post 8vo, 6s. 
cloth. 

"The style Is always clear and precise, and conveys Instruction without leaving any cloudiness 
or lurking doubts \yc'tan6.."—En£ri*teerifte: 

"A most exhaustive book on the subject on which It treats, and is so arranged that it can be 

understood by all who desire to attain an accurate knowledge of physical science Mr» 

Loewy has included all the latestdiscoveries in the varied laws and effects of heat." — Standard. 

"A complete and handy text-book for the use of students and general readers."— ^M^/irA 
Mechanic, 

THE HANDBOOK OF OPTICS, ByDiONYSius Lardner,D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olver Harding, B.A. Lond., 
of University College, London. With 398 Illustrations. Small 8vo^ 448 
pages, 55. cloth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately lUtistrated.'* 
Mechanic's Magazine, 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS, By Dr. Lardner. Ninth Thousand. Edit, by George Caret 
Foster, B.A., F.C.S. With 400 Illustrations. Small 8vo, 55. cloth. 

" The book could not have been entrusted to anjrone better calculated to preserve the terse and 
tadd style of Lardner, while correcting his errors and bringing up his work to the present staM of 
•dentins knowledge."— i'^i^MAir Science Review, 



THE HA NDBOOK OF A STRONOMY. Forming a Companion 
to the " Handbook of Natural Philosophy.'* By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Sdwim Dunkin. 
F.R.A.S., Royal ObservatOTy, Greenwich. With 38 Plates and upwards of 
xoo Woodcuts. In One Vol., small 8vo, 550 pages, 9s. 6d, cloth. 

" Probably no other book contains the same amount of information in so compendlotis and wdl* 
arranged a form— certainly none at the price at which this is offered to the pubiic."—Athenafuni, 

"We can do no other than pronounce this work a most valuable manual of astronomy, and we 
stronghr recommend it to all who wish to acqiure a general— but at the same time correct— acquaint- 



1 this sublime scieaoe."—Qutn'terly youmal ^ Science, 
"One of the most deservedly popular books on the subject . . . We would recommend not 
onhr the student of the elementary prindples of the sdence, but he vHio aims at mastering the 
higher and m a t hematical branches of astronomy, not to be without this work beride Um.'-^Aracr^ 
lal Maga%in€. 

Dr. Lardner^s Electric Telegraph. 

THE ELECTRIC TELEGRAPH, By Dr. Lardnbr. Re- 
vised and Re-written by B. B. Bkight, F.R.A.S. 140 lUustrations. Small 
8vo, 2s. 6d, cloth. 
'* One of the most readable books extant on the Electric Tdcczaph."— f ^ir A Mteka$Ue, 
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DR. LARDNER'8 MUSEUM OF SCIENCE AND ART. 



THE MUSEUM OP SCIENCE AND ART. Edited by 
DiOMTSius Lakdmbr, D.C.Lm formerly Professor of Natural Philosophy and 
Astronomy in University College, London. With upwards of i,9oo engrav- 
ings on Wood. In 6 Double Volumes, £i is., in a new and elegant cloth bind- 
ing ; or handsomely bound in half-morocco, 31s. 64. 

%* Opinions of thb Press. 

**Tliii mriaa, hmUdm allbRUiiff popular bat sound instruction on sclenltfc tnbjects, with which 
I humblest man In the country oi^ht to be acquainted, also undertakes that teachinsf of ' Com- 
_ B Thhigs ' whkh every well-wisher of his Icind is anxious to promote. Many thousana copies of 
this serviceable publication have been printed, in the belief and hope that the desire for instructioa 
•ad improvement wide^ prevaili ; and we have no fear that such anUKhtened fsitfa will meet with 
dhappointment."— r«wKr. 



** A cheap and interesting pubUcation, aBlce Informing and attractive. The papers combine 
^ects of importance and great sci< " ' 
popular style or treatmem."— %^cte/0r. 



sa ^ ec ta of importance and great scientific knowledgeb considesable inductive powers, and a 
' or treatmem."— N^cte 



** The * Museum of Science and Art ' Is the most valuable contribution that has ever been 
■Bade to the Scientific lastiuction U every class of society ."—Sir DAVID Brbwstbk, in the 
Jtftrth BritUk JUvttw. 

** Whether we conrider tlie UberaBty and beauty of the ilhistratlons, the charm of tlie writing; 
ar tlie durable interest of the matter, we must express our belief that there is hardly to be found 
' the new books one that would be welcomed by people of so many ages ana elates as a 



*•* Siparat* books formtd from the above, suitable for Workmen* s Libraries, 

Science Classes, etc. 

iJoinnson Thingo Kaeplained, Containing Air, Earth, Fire, Water, Time, 
Man, the Eye, Locomotion, Colour, Clocks and Watches, &c. 233 Illus- 
trations, cloth gilt, 5s. 

The MUfro>»eope. Containing Optical Images, Magnifying Glasses, Origin 
and Description of the Microscope, Microscopic Objects, the Solar Micro- 
scope, Microscopic Drawing and Engraving, &a 147 Illustrations, doth 
gilt, as, 

Popular Qeology. Containing Earthquakes and Volcanoes, the Crust of 
the Earth, &c, aoi Illustrations, cloth gilt, 25. 64. 

popular Phyaieo* Containing Maniitude and Minuteness, the Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
Thermometer, the Barometer, Sound, &c. 85 Illustrations, cloth gilt, as. 6d. 

Bteatn and its Uses. Including the Steam Engine, the Locomotive, and 
Steam Navigation. 89 Illustrations, cloth gilt, as. 

Popular Asironomft, Containing How to observe the Heavens — ^The 
£arth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Influ- 
ences, &c. z8a Illustrations, 4s. 6d, 

The Bee and White Ante : Their Manners and Habits. With Illustra- 
tions of Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, as. 

The EHeetrie Telegraph Popularized, To render intelligible to all who 
can Read, irrespective of any previous Scientific Acquirements, the various 
forms of Tdegraphy in Actiud Operation. xoo Illustrations^ cloth gilti 
IS. 6d, 

I}r» Lardner's School Handboolcs. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner, 
328 Illustrations. Sixth Edition. One Vol., 3s. 6d, cloth. 
" A very convenient dass-book fsr Junior students in private schools. It is Intended to convey . 

In dear and precise terms, general notions of all the pnndpal divisions of Fhysical Science."— 

British Quarter/^ Jieview, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnep. 

With 190 Illustrations. Second Edition. One Vol., 3s. 6d. cloth. 
«* Clearly written, wdl arranged, and excellently illustrated."— OirHfeiMr'j CAroHidt, 
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COUNTINQ-H OUSE WORK, TABLES, etc. 

Introduction to Business. 

LESSONS IN COMMERCE. By Professor R. Gambaro, of 
the Royal High Commercial School at Genoa. Edited and Revised by James 
Gault, Professor of Commerce and Commercial Law in King's College, 
London. Crown 8vo, price about 3s. 6d. (fn the pnst, 

Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accoimtants and Manufacturers, with Appendices on the No- 
menclature of Machine Details ; the Income Tax Acts ; the Rating of Fac- 
tories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c.y 
including also a Glossary of Terms and a large number of Specimen Rulings. 
B^ Emilb Garckb and J. M. Fells. Third Edition. Demy 8vo, 250 pages, 
price 6s. strongly bound. 
" A veiyinterestingf description ofthe requirements of Factory Accounts. . . . the principle 

of asstmilatingf the Factory Accounts to the general commercial books is one wliich we thoroughly 

agree ynxh."— Accountant^ youmal. 

" There are few owners of Factories who would not derive great benefit front the perusal 

of this most admirable woAJ'—LoceU Government Chronicle, 

Foreign Commercial Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Correspondence in Five Languages — English, French, 
German, Italian and Spanish. By Conrad £. Baker. Second Edition, 
Revised. Crown 8vo, 3s. 6d. cloth. 

' ' Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do better 
than study this work, the materials of which are excellent and conveniently arranged." — Atken^eutn, 
"A careful examination has convinced us that it is unusually complete, well arranged and 
reliable. The book is a thoroughly good on^"— Schoolmaster, 

Intuitive Calculations. 

THE COMPENDIOUS CALCULATOR: or, Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Useful Tables. By 
D. O'GoRMAN. Corrected by Professor J. R. Young. Twenty-seventh Ed., 
Revised by C. Norris. Fcap. 8vo, 25. 6d. cloth ; or, 3s. 6d, half-bound. 
" It would be difficult to exaggerate the usefulness of a book like this to everyone engaged in 

commerce or manufacturing indMi^try."— Knowledge. 

" Supplies special and rapid methods for all kinds of calculations. Of great utility to persons 

engaged in any Idnd of commercial txaxiSAc^ons."—Scotstnan. 

Modern Metrical Units and Systems. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the Present Century. With an Appendix containing a proposed 
English System. By Lowis D'A. Jackson, A.M.Inst.C.E., Author of " Aid 
to Survey Practice," &c. Large crown 8vo, 12s. 6d. cloth. 

" The author has brought together much valuable and interesting infozmatloii. ... We 
cannot but recommend the ytork.."—NtUure. 

"For exhaustive tables of equivalent weights and measures of all sorts, and for clear demonstra- 
tions of the effects of the various systems that have been proposed or adopted, Mr. Jackson's 
treatise is without a xvnL"— Academy, 

The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which the British Stand- 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent. By C. H. Dowling, C.E. 8vo, ios. 6d. strongly Donnd. 

"Their accuracy has been certified by Professor Airy, the Astronomer>Royal." — BuiUer. 

"Mr. Dowling's Tables are well put together as a ready-reckoner £Mr the convenion of one 
qrstem into the oaier."^Athenaum. 

Iron and Metal Trades^ Catctilator. 

THE IRON AND METAL TRADES' COMPANION. For 
expeditiously ascertaining the Value ol any Goods bought or sold by Weight, 
irom IS. per cwt. to 112s. per cwt., and from one farthing per pound to one 
shilling per pound. Each Table extends from one pound to zoo tons. To 
which are appended Rules on Decimals, Square and Cube Root, Mensuration 
ot Superficies and Solids, &c. ; also Tables of Weights of Materials, and other 



Useful Memoranda. By Thos. Downib. Strongly bound in leather, 396 pp., 95. 

•* A most useful set of tables. - - • Nothiiur like them before existed."— Am^U^m^ A>w«. 
tvery other business in whico merchandise is bought and sold by weight."— JZatfwdijr Airwf. 



' A most useful set of tables. . . . Nothing like them before eiXistnd.''—Buiidinf News. 
> Although specially adapted to the Iron and metal trades, the tables will be found cumRiI ia 
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Caicuiatar for numbers and Weights Combined* 

THE NUMBER, WEIGHT AND FRACTIONAL CALCU- 
LA TOR, Containing upwards of 35o»ooo Separate Calcalations, showing at 
a glance the value at 42a difierent rates, ranging from rixth of a Penny to 
aos. each, or per cwt., and £90 per ton, of any number of articles consecu- 
tively, from X to 470. — Any number of cwts., ars., and lbs., from r cwt. to 470 
cwts. — Any number of tons, cwts., qrs., and lbs., from i to x,ooo tons. By 
William Chadwick, Pubhc Accountant. Third Edition, Revised and Im- 
proved. 8vo, price 185., strongly bound for Office wear and tear. 

*«* This work is specially adapted for the Apportionment of Mileage Charges 
for Railvay Traffic, 

U^ This comprehensive and entirely unique and original Calculator is adapted 
for the use of Accountants and Auditors^ Railway Companies^ Canal Companies, 
Shippers^ Shipping Agents, General Carriers, etc. 

IronfounderStBrassfounders, Metal Merchants, Iron Manufacturers,Ironmon^ers, 
Engineers, Machinists, Boiler Makers^ Millwrights, Roofing, Bridge and Girder 
Makers, Colliery Proprietors, etc. 

Timber Merchants, Builders, Contractors, Architects, Surveyors,^uctioneers 
Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, Mirchants and 
General Wholesale Tradesmen. 

%* Opinions of the Press. 

"The book contains tho answers to questions, and not simply a set of tngenloos pnzd« 
■lethods of arriving at results. It is as easy of reference for any answer or any number of answers 
as a dictionary, and the references are even more quickly made. For makins^ up accounts or esti- 
mates, the book must prove invaluable to all who have any considerable quantity of calculations 
involving price and measure in any combination to do." — Engineer. 

" The most perfect work of the kind yet prepared."— G/oj^ktw Heraid, 

Com^prehensive Weight Calculator. 

THE WEIGHT CALCULATOR, Being a Series of Tables 
npon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Vdlvie of any Weight from i lb. to 15 tons, at 300 Progressive Rates, from id, 
to z68s. per cwt., and containing x86,ooo Direct Answers, which, with their 
Combinations, consisting of a smgle addition (mostly to be performed at 
sight), will afiord an aggregate of 10,266,000 Answers ; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Henry 
Harbbn, Accountant. Fourth Edition, carefully Corrected. Royal 8vO| 
strongly half-bound, £i 5s. 

A practical and useful work of reference for men of business generally ; it is the best of tho 
na 



Of priceless value to busmess men. It is a necessary book in all mercantile oflkes."— %SA</'- 

Hd€i 



Und we have seen.' —Ironmonger. 

"Of priceless V * * '^ 

fittd InatpendeHt. 

Comprehensive I>i8count Chuide. 

THE DISCOUNT GUIDE. Comprising several Series of 
Tables for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact Profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Dllfcount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance from i^ to 
go per cent., Tables of Discount from i\ to gSf per cent., and Tables of Com- 
mission, &c., from I to 10 per cent. Bj Henry Harben, Accountant, Author 
of " The Weight Calculator." New Edition, carefully Revised and Corrected. 
Demy 8vo, 544 pp. half-bound, £1 5s. 

" A book such as this can only be appreciated by business men, to whom the saving of time 
■wans saving of money. We have the high authority of Professor J. R. Young that the tables 
throughout the work are constructed upon strictly accurate principles. The work is a mode 
of typographical clearness, and must prove of great value to merchants* manufacturers, and 
general tndets."— British Trad* youmoL 

Iron Shipbuilders' and Merchants' Weight Tables* 

IRON 'PLATE WEIGHT TABLES: For Iron Shipbuilders, 
Engineers and Iron Merchants. Containing the Calculated Weights of up- 
wards of 150,000 different sizes of Iron Plates, from x foot by 6 in. by \ in. to 
10 feet by 5 feet by x in. Worked out on the basis of 40 lbs. to the square 
foot of Iron of x mch in thickness. Caretully compiled and thoroughly Re- 
vised by H. Burlinson and W. H. Simpson. Oblong 4to, 25s. half-bound. 

"This work will be found of great utility. The authors have had much practical experience 
of what is wanting in making estimates; and the ose of the book Aiill save much time ia m^Wng 
elaborate calculations."— £»^/:£rA Uuhanie, 
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INDUSTRI AL AND USEF UL ARTS. 

Soap-making^ 

THE ART OF SOAP-MAKING : A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, etc. Including many New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. 
By Alexander Watt, Author ol '• Electro-Metallurgy Practically Treated," 
&c. With numerous Illustrations. Fourth Edition, Revised ana Enlarged. 
Crown 8vo, ys. 6d, cloth. 

"The work will prove rery useful, not merely to the technological student, but to the practical 
SOip-boUer who wishes to understand the theory of his art." — Chemical News. 

"Mr. Watt's book \& a thoroughly practical treatise on an art which has almost no literature In 
our langua£fe« We congratulate the author on the success of his endeavour to fill a void in English 
technical literature."— ^o^wr^. 

Paper Making* 

THE ART OF PAPER MAKING : A Practical Handbook of the 
Manufacture of Paper from Rags, Esparto, Straw and other Fibrous Materials, 
Including the Manufacture of Pulp Irom Wood Fibre, with a Description of 
the Machinery and Appliances used. To which are added Details of 
Processes for Recovering Soda from Waste Liquors. By Alexander Watt. 
With Illustrations. Crown 8vo, ys. 6d. cloth. 
"This book is succinct, lucid, thoroughly practical, and includes everything' of interest to the 

modem paper maker. It is the latest, most practical and most complete work on the paper-making 

art- before the British pul)\i<z."—J^a/irJiL\oni. 

" It may be regarded as the standard work on the subJecL The book is full of valuable in> 

formation. The ' Art of Paper-making,' is in every respect a model of a text-book, either for a 

teclinical class or for the private student."— Paper atid Printing- Trades youmal. 

" Admirably adapted for general as well as ordinary technical reference, and as a handbook 

for students in technical education may be warmly commended." — The Paper Maker's Monthly 

jfotirnal. 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, the Principles of Tanning Explained 
and many Recent Processes introduced. By Alexander Watt, Author of 
" Soai>-Making," &c. With numerous Illustrations. Second Edition. Crown 
8vo, 95. cloth. 
"A sound, comprehensive treatise on tanning and Its accessories. This book is an eminently 

valuable production, which redounds to the credit of both author and publishers." — Chemical 

Banew. 

"This volume Is technical without being tedious, comprehensive and complete without beingf 

pfoey, and it bears on every page the impress of a master hand. We have never come across a 

Setter trade treatise, nor one that so thoroughly supplied an absohite want."— %S/m» and Leather 

Trade£ Chronicle, 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 

Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and 

Making, with a Description of the most approved Machinery employed. 

By John B. Leno, late Editor of St. Crispin, and The Boot and Shoe-Maker. 

with numerous Illustrations. Third Edition. lamo, 2s. clo!h limp. 

•• This excellent treatise is by far the best work ever written on the subject. A new work, 

embracing all modem improvements, was much wanted. This want is now satined. The chapter 

on clicking, which shows bow waste may be prevented, will save fifty times the price of the book." 

^Scottish Leather Trader, 

Dentistry, 

MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the various kinds of Artificial Dentures. Comprising also Use- 
ful Formulas, Tables and Receipts for Gold Plate, Clasps, Solders, &c. &c. 
By Charles Hunter. Third Edition, Revised. With upwards of zoo 
Wood Engravings. Crown 8vo, 3s. 6d. cloth. 

" The work Is very practlcaL"— Monthly Review o/ Dental Surjpery, 

" Wo can strongly recommend Mr. Hunter's treatise to all students preparing for the profiession 
of dentistry, as welTas to every mechanical dentist."— Z>m^/<h youmal qf Medical Science, 

Wood Engraving. 

WOOD ENGRAVING: A Practical and Easy Introduction to the 
Study of the Art. By William Norman Brown. Second Edition. With 
numerous Illustrations. lamo, is. 6d. cloth limp. 

" The book is clear and complete, and will be useful to anyone wanting to understand the first 
elements of the beautiful art of wood engraving."— CraM^c. 
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HANDYB00K3 FOR HARDICRAfTS. By PAUL N. HA8LUCK. 

Metal Turning. 

THE METAL TURNER'S HANDYBQOK. A Practical Manual 
for Worktn at the Foot-Latfu: Embracing laformation on the ToolSi 
Appliances and Processes employed in Metal Turning. By Paul N. Has- 
LUCK, Antbor of ** Lathe- Work." With upwards of One Hundred Illustra- 
tions. Second Edition, Revised. Crown 8vo, 2S. cloth. 
** Clearly and condsdy written, eKfrilcnt hn ereiy wmy."— i/kAAmoi/ JVorU, 

Wood Turning. 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual 
for Workers at the Lathe : Embracing Information on the Tools, Appliances 
and Processes Employed in Wood Turning. By Paul N. Hasluck. With 
upwards of One Hundred Illustrations. Crown Svo, as- cloth. 
"We recommend the book to young turners and amateurs. A multitude of workmen hare 
hitherto sought in vain for a manual of thtt special industry."— J/«cAai»^cai/ IVorid. 

WOOD AND METAL TURNING. By P. N. Hasluck. 
(Being the Two preceding Vols, bound together.) 300 pp., with upwards of 
300 Illustrations, crown 8vo, 3s. 6d. cloth. 

Watch Repairing. 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaningt Repairing and Adjusting. Embracing Information on the Tools 9 
Materials, Appuances and Processes Employed in Watchwork. By Paul N. 
Hasluck. With upwards of One Hundred Illustrations. Cr. Svo, 2s. cloth. 
*' All young persons connected with the trade should acquire and study this excellent, and at 
the same time, InezpenstTe woTk,"^Cier*eHW*U OtrtnicU, 

Clock Repairing. 

THE CLOCK JOBBER'S HANDYBOOK : A Practical Manual 
on Cleaning, Repairing and Adjusting, Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Clockwork. By Paul N. 
Hasluck. with upwards of 100 Illastrations. Cr. Svo, 25. cloth. 
** Of inestimable service to those commencing the trade." — Coventry Standard, 

WATCH AND CLOCK JOBBING. By P. N. Hasluck. 
(Being the Two preceding Vols, bound together.) 320 pp., with upwards of 
200 Illustrations, crown Svo, 3s. 6<<. cloth. 

Pattern Making. 

THE PATTERN MAKER'S HANDYBOOK, A Practical 
Manual, embracing Information on the Tools. Materials and Appliances em- 
ployed in Constructing Patterns for Founders. By Paul K. Hasluck. 
with One Hundred Illustrations. Crown Svo, 25. cloth. 

"This bandy volume contains sound Information of considerable value to students and 
artificers."— Jtfo'vwarr Trades yaumal. 

Mechanical Manipulation. 

THE MECHANIC'S WORKSHOP HANDYBOOK, A Practical 
Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with Useful Notes and Miscellaneous Memoranda, 
By Paul N. Hasluck. Crown Svo, 25. cloth. 
" It is a book which should be found in every workshop, as it is one which will be continually 
referred to for a very great amount of standard informadon."— ^o/Mritoj' Review, 

Model Engineering. 

THE MODEL ENGINEER'S HANDYBOOK : A Practical 
Manual on Model Steam Engines. Embracing Information on the Tools, 
Materials and Processes Employed in their Construction. By Paul N. 
Hasluck. With upwards of 100 Illustrations. Crown Svo, 2s. cloth. 
" By carefully going through the work, amateurs may pick up an excellent notion of the con> 
struction of full-sized steam engines."— Ttileg^ra^hic youmat. 

Cabinet Making. 

THE CABINET WORKER'S HANDYBOOK : A Practical 
Manual, embracing Information on the Tools, Materials, Appliances and 
Processes employed in Cabinet Work. By Paul N. Hasluck, Author of 
" Lathe Work," &c. With upwards of 100 Illustrations. Crown Svo, 2s. 

®^°*^« {Glasi^oio Herald, 

•• Thoroughly practical throughout The amateur worker In wood wJ find it most useful."— 
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Electrolysis of Goldf Silver, Copper, etc. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
0/ Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descrip- 
tions of Voltaic Batteries, Magneto and Dynamo-Electric Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department of 
the Art, and several Chapters on Electro-Metallurgy. By Alexander 
Watt. Third Edition, Revised and Corrected. Crown 8vo, 95. cloth. 
"Eminently a book for the practical worker In electro-deposition. It contains practical 

descriptions of methods, processes and materials as actually pursued and used in the workshop." 

— Enginter. 

JSlectro-Metallurgy. 

ELECTRO-META LL URG Y ; Practically Treated. By Alexander 
) Watt, Author of " Electro-Deposition,** &c. Ninth Edition, Enlarged and 

Revised, with Additional Illustrations, and including the most recent 
Processes. i2mo, 45. cloth boards. 

"From this book both amateur and artisan may learn everything necessary for the successful 
prosecution of electroplating."— /rt?n. 

If \ JElectroplating. 

ELECTROPLATING: A Practical Handbook on the Deposi- 
tion of Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &c. 
• With Descriptions of the Chemicals, Materials, Batteries and Dynamo 

** Machines used in the Art. By J. W. Urquhart, C.E. Second Edition, with 

^ Additions. Numerous Illustrations. Crown 8vo, 5s. cloth. 

!<• " An excellent practical manuaL" — Engineering-, 

L "An excellent work, giving the newest information."— ^art>/<7fnfa>/ youmal, 

"^ Electrotyping. 

ELECTROTYPING : The Reproduction and Multiplication ofPnnt- 
ing Surfaces and Works of Art by the Electro-deposition of Metals, By J. W. 

H* Urquhart, C.E. Crown 8vo, 5s. cloth. 

js, " The book is thoroughly practicaL The reader is, therefore, conducted through the leading 

1: laws of electricity, then through the metals used by electrotypers, the apparatuit andthe depositing 

I processes, up to the final preparation of the yroxK,"-~Art yaumaU 

Horology. 

:x. A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 

oi tice. Translated from the French of Claudius Saunier, by Julien Trip- 

PLIN, F.R.A.S., and Edward Rigg, M.A., Assayer in the Royal Mint. With 
78 Woodcuts and 22 Coloured Plates. Second Edition. Royal 8vo, £z 2S. 
cloth ; £% 10s. half-calf. 

^ ' ** There is no horological work hi the English language at all to be compared to this produc- 

tion of M. Saunier's for deamess and completeness. It is alike good as a guide for the student and 

'"^ as a reference for the experienced horologist smd skilled workman." — Horological youmal. 

Cl> " The latest, the most complete, and the most reliable of those literary productions to wUch 

continental watchmakers are indebted for the mechanical superiority over their English brethren 

^ —in fact, the Book of Books, is M. Saunier's ' Treatise.' ""fyatchmaker, JewelUr andSUversmiih, 

Watchmaking. 

THE WATCHMAKER'S HANDBOOK. A Workshop Com- 
..) panion for those engaged in Watchmaking and the Allied Mechamcal Arts. 

From the French of Claudius Saunier. Enlarged by Julien Tripplim, 

]!f F.R.A.S., and Edward Rigg, M.A., Assayer in the Royal Mint. Woodcuts 

^ and Copper Plates. Third Edition, Revised. Crown 8vo, 9s. cloth. 

M. " Each part is truly a treatise in itself. The arrangement is good and the language is clear and 

*^^ concise. It is an admirable euide for the young ynXcamakex."— Engineering. 

" It is impossible to spesuc too highly of its excellence. It fulfils every requirement in a hand- 
book intended for the use of a workman."— ^o^A and CU>ckm€iker. 

" This book contains an immense number of practicid details bearing on the daily occupation 
f J ( of a watchmaker. "— JVatchmaAer and Metalworker (Chicago). 

ii5, Ooldsmiths^ Work, 

N. THE GOLDSMITH'S HANDBOOK. By George E. Geb, 

Jeweller, &c. Third Edition, considerably Enlarged. . lamo, 3s. td. cU bds. 
^ "A good, sovnd educator, and will be accepted as an authority."— //iMvA^^en^o/ journal* 

SilversnUths^ Work. 

THE SILVERSMITH'S HANDBOOK. By Gborge E. Gbb. 
'^ Jeweller, &c. Second Edition, Revised, with numerous Illustrations, zamo, 

0^ 35. 64. cloth boards. 

of "Workers in the trade will speedily discover its merits when they sit down to study it"-* 

p. Stiglish Mechanic. 

^ *** The above two works together, strongly half'-bound, price js. 
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Bread atid Biscuit Baking. 

THE BREAD AND BISCUIT BAKER'S AND SUGAR- 
BOILER*S ASSISTANT Inclading a large variety of Modem Recipes. 
With Remarks on the Art of Bread-making. By Robert Wblls, PracUcal 
Baker. Second Edition, with Additional Recipes. Crown 8vo, ax. cloth. 
** A luga Dnmber of wrinklM te the ordinary cook, as trdl as the baker."— 5aA<r^ 

Confectionery. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE. 
For Hotels, ResUnrants and the Trade in general, adapted also for Family 
Use. By Robert Wblls, Author of " The Bread and Biscuit Baker's and 
Sugar Boiler's Assistant." Crown 8vo, as. cloth. 
•• We caimot speak too hishly of this really ezcdlent work. In these days of keen competition 
oar readers cannot do better than purchase this hook."— BaJUrs' Timts, 

Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY : A Guide for Bakers. 
Confectioners and Pastrycooks; including a variety of Modern Recipes, and 
Remarks on Decorative and Coloured Work. With 129 Original Designs. 
By RoBBRT Wblls. Crown 8vo, 5s. cloth. 

** A vahiable woric. and should be hi the hands of every baker and confectioner. The illus- 
trative designs are alone worth trelile the amount charged for the whole worlc"— ^o^tcrr' Times. 

Flour Confectionery* 

THE MODERN FLOUR CONFECTIONER. Wholesale and 
Retail. Containing a large Collection of Recii^s for Cheap Cakes, Biscuits, 
ftc. With Remarks on me Ingredients used in their Manufacture, &c. By 
R. Wells, Author of "Ornamental Confectionery," "The Bread and Biscuit 
Baker," " The Pastrycook's Guide,*' &c. Crown 8vo, ss. cloth. 

Laundry Work. 

LA UN DRY MANAGEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounts of Modern Machinery 
and Appliances for Laundry work. By the Editor of "The Laundry 
Journal. ' With numerous Illustrations. Crown 8vO| as. 6d. cloth. 
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New Manual of Engineering Chemistry. 

ENGINEERING CHEMISTRY : A Practical Treatise for the 

Use of Analytical Chemists, Engineers, Iron Masters, Iron Founders, 

Students, and others. Comprising Methods of Analysis and Valuation of the 

Principal Materials used in Engmeering Work, with numerous Analyses, 

Exam];>les, and Sua;estions. By H. Joshua Phillips, F.I.C, F.C.S. 

Analytical and Consulting Chemist to the Great Eastern Railway. Crown 8vo 

330 pp., with Illustrations, xos. 6d. cloth. [Jitst published. 

•• Ia this work the author has rendered no small service to a numerous body of practical men 

. . . The analytical methods may be pronounced most satisfactory, htkag asjtccurate as the 

despatch required of enf^tneering chemists permits."— CAemto*/ Ntws. 

AnaZysia and Valuation of Fuels. 

FUELS: SOLID, LIQUID AND GASEOUS, Their Analysis 
and Valuation. For the Use of Chemists and Engineers. By H. J. Phillips^ 
F.C.S., Analytical and Consulting Chemist to the Great Eastern Railway. 
Crown 8vo, 3s. 6d. cloth. 

" Oueht to have its place in the laboratory of every metallurgical establishment, and wherever 
fud Is used on a large scale." — Chemical News. 

** Cannot fail to be of wide interest, especially at the present time."— i^atVway News. 

Alkali Trade, Manufacture of Sulphuric Acid, etc. 

A MANUAL OF THE ALKALI TRADE, including the 

Mannfiftcture of Sulphuric Acidj Sulphate of Soda, and Bleaching Powder, 

By JoRM LoMAs. 390 pages. With 33a Illustrations and Working Drawings. 

Second Edition. Royal ovo, £z los. cloth. 

"This book Is written by a manufacturer for manufacturers. The working details of the most 
approved forms of apparatus are given, and these are accompanied by no less than ttyt wood ea- 
gtaving% all of which may be used for the purposes of construcdon."— ^McrMTMiM. 
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The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut.-Col. W. A 
Ross, R.A. With 120 Illustrations. New Edition. Crown 8vo, 5s. cloth. 

"The student who goes through the course of experimentation here laid down will gain a 
better insight into inorjsranic chemistry and mineralogy than if he had 'got up' any of the best 
text-books ot the day, and passed any number of exao^nattoos in their cootieais. --^Mimieai New*. 

Commercial Chem^ical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 
LYSIS; or, Practical Instructions tor the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures.Trades, and the Arts. 
By A. Normandy. New Edition by H. M. Noad, F.R.S. Cr. 8vo, las. 6d. cl, 
"Essential to the analysts appohited under the new Act. The most racent nsultt aveglveiii 
and the work is well edited and carefiilly written."— Ab/Mfv. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Hbrbert 
Edwards Wright, B. A. New Edition, much Enlarged. [/» the pms, 

Dye^Wares and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES: Their 
Properties, Applications, Valuation, Impurities, and Sophistications. For the 
use of DyerSj Printers, Drysalters, Brokers, &c. By J. w. Slatbr. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, ys. 6d. cloth. 
"A complete encyclopaedia of the materia tinctoria. The information given lespectinjr each 

article is full and precise, and the methods of determining the value of arndes such as theses so 

liable to sophistication, are given with cleamess, and are practical as waD as vahiable."— CA«m^/ 

and Drugrgrist. 

" There is no other work which covers precisely the same ground. To students preparing 

for examinations in dyeing and printing it will prove exceedingly useful."— CA«m to/ Nrws, 

Pigments. 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non- Permanency, and Adul- 
terations ; Efifects in Combination with Each Other and with Vehicles : and 
the most Reliable Tests of Purity. By H. C. Standaqb. Second Edition. 
Crown Svo, 2s. 6d. cloth. 

"This work is indeed frnMum^in-^rvo, and we can, with good conscience, recommend it to 
•11 who come in contact with pigments, whether as makers, dealers or us»ts."—CMemicai Review, 

Oatiging. Tables and Rules for Revenue Officers, 

JBrewers, etc* 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Second Edition 
Revised. Oblong iSmo, 4s. leather, with elastic band. 

" This handy and useful book is adapted to the requirements of the Inland Revenue Depart' 
ment, and will be a favourite book of reference." — CiviliaM. 

** Should be in the bands of every practical hnmet."— Brewer^ youmoL 
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Touatt and Bwrn's Com,plete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT, Including the Breeding, Rearing, and Feeding 
of Stock : Management of the Dairy, Culture and Management of Grass 
Land, and of Grain and Root Crops, &c. By W. Youatt and R. Scott 
Burn. An entirely New Edition, partly Re-written and greatly Enlarged, by 
W. Fream, B.ScLond., LL.D. In medium Svo, about z.ooo pp. [/» the press. 

Agricultural Facets and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrosb McConnbix, 
late Professor of Agriculture, Glasgow Veterinary College. Third Edition 
Royal 33mo« 45. leather. 
*' The most complete and comprehensive Note-book for Farmers and Fann Students that we 

have seen. It Uteraily teems with mformatlon, and we can cordially rec<»nmend It to all connec t ed 

with agriculture."— JVbrM BHHsA AgricultHrisU 
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Fiaur Manufacture, MiUing, etc. 

FLOUR MANUFACTURE : A Treatise on MiUing Science 
and Practioe. Bt Frikdkich Kick, Imperial Regiemngsrath, Professor of 
Mechanical Technolof^ in the Impenal German Polytechnic Institute, 
Pragna. Translated from Uie Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlks, A.M.I.C.E. Nearly 400 pp. Illustrated 
witn a8 Folding Plates, and 1G7 Woodcuts. Royal 8vo, 255. cloth. 

** TMi valnable wofk to, and win icnain, the standard authority oa the science of mOUnff. . . 
Tbe miller who has read and digested this worlc will hare laid the foundation, so to spealc, of a suc- 
cwii fill career ; he will have acquired a number of general principles which he can proceed to 
apply. In tUs handsome rolume we at last hare the acceptedT text-book of modem millmgin good, 
tooad Eng&h, which hasHttle. if any. trace of the Gennan idiom."— TVk^ Miller. 

** Tbe appearance of this celebrated worlc In English Is venr opportune, and British millers 
wn, we are sore, not be slow In availing tbemsehrcs oilts ^/mtAr—MUters' Gazettt. 

SmaU Farming. 

SYSTEMATIC SMALL FARMING; or. The Lessons of my 
Farm, Being an Introduction to Modem Farm Practice for Small Farmers 
in the Culture of Crops ; The Feeding of Cattle ; The Management of the 
Dairy, Poultry and Pigs, &c. ftc. By Robkrt Scott Burn, Author of " Out- 
lines of Landed Estates' Management" Numerous Illusts., cr. 8vo, 6s. cloth. 
"Ttab h the completes! book of Its dass we have seen, and one which every amateur farmer 
«B lead with pleasore and accept as a gvide.''—FieU/. 

**The volume contains a vast amount of useful Information. No branch of forming is left 
■ntooched. from the labour to be done to the results achieved. It may be safely recommended to 
an who think they will be In paradise vrtien tfaey buy or rent a tibree-acre farm." — Glasgrcm Herald. 

Modem Farming* 

OUTLINES OF MODERN FARMING, By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — Cattle, Sheep, 
and Horses — Management of Dau7, Pigs and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,250 pp., half- 
bound, profusely Illustrated, x2s. 

* The aim of the author has been to make his work at once comprehoisive and trustworthy, 
■ad In this aim he has succeeded to a degree which entitles him to much cxedit."—MarKvt£' 
Advertiser. " No fanner should be without this hook."— Ban^ry Guardian. 

Agricultural Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF. 
Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences, and Gates ; Farm Buildings, their Arrangement and Con- 
struction, with Plans and Estimates; Bam Implements and Machines; Field 
Implements and Machines ; AgriciUtural Surveying, Levelling, &c. By Prof. 
John Scott, Editor of the " Farmers' Gazette," late Professor of Agriculture 
and Rural Economy at the Royal Agricultural College, Cirencester, &c* &c. 
In One Vol., 1,150 pages, half-bound, with over 600 Illustrations, 12s. 

"Written with great car^ as well as with knowledge and aUlity. The author has done his 
work wdl ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students."— Aforifc Lane Ei^f^ress. 

**'Boit a young agriculturist we know of no handjr volume likely to be more usefully studied." 
•^SelTs WuMl^ Messenger. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 
Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). Second Ed., Revised, with Additions. x8mo, as. 6d. cl. 

"A most comprehensive volume, giving a mass of information."— ^^rtrwAMro/ Economist. 
"It Is a long time since we have seen a book which has pleased us more^ or which contains 
inch a vast and useiiil fund of knowledge."— iEt^JMo^umo/ Times. 

Tables for Farmers^ etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmers, Graziers, Agricultural Students, Surveyors, Land Agents Auc- 
tioneers, etc. With a New System of Farm Book-keeping. Selected and 
Arranged by Sidney Francis. Second Edition, Revised. 272 pp., waist- 
coat-pocket size, 15. 6d, limp leather. 

" Weighing less than z oz., and occupying no more space than a match box, it contains a mass 
of facts and calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm Is dealt with. The work may be taken as thorougtily accurate, the whole of 
the Ubles having been revised by Dr. Fream. We cordially recommend it,"— Bell's H^eeJklv 
Messenger. -^ 

•• A nmnrelloas Uttle book. . , . The agriculturkt who possesses himself of it wffl not be 
disappomted with his tovestmcat "— The Farm, •——*• ^ 
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Fa/rm and Estate Book-keeping. 

BOOK-KEEPING FOR FARMERS * ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnsom M. Woodman, Chartered Accountant. Second 
Edition, Revised. Cr. 8vo, 3s. 6d. cl. bds. ; or «. Cd. cl. limp. 
" The volume is a capital study of a most important subject"— jlsricttitural Gazette. 
" Will be found of great assistance by those who intend to commence a system of boolc-keep- 

in^, the author's examples being: clear and explicit, and his explanations, -wmle full and accurate, 

bemgr to a large extent free from technicalities."— Z.kv Stoclk youmcU, 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. with 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com- 

Slete Record of the Farming Operations. By Johnson M. Woodman, 
bartered Accountant. Folio, 75. 6d. half bound. leuUurt. 

"Contains every requisite form for keeping bxm accounts readily and accurately."— ^.^ri* 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN; or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building Glass- 
houses, Pits and Frames. By Samuel Wood. Crown 8vo, 3s. 6d. cloth. 
" A good book, and fairly fills a place that was in some degree vacant The book is written with 

great care, and contains a great deal of valuable teaichijag."— Gardeners' Magraxine. 

" Mr. Wood's book is an original and exhaustive answer to the question ' How to Grow Early 

Fruits, Ftowers and Vegetables r "—Land and Water, 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to Grow 

Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 
Seeds, Planting, Laying-out of Gardens and Grounds, &c. By S. Wood. 
Fourth Edition, with numerous Illustrations. Crown 8vo, 3s. 6d. cloth. 
"A very good book, and one to be highly recommended as a practical guide. The practical 
directions are excellent." — Athenctum, 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the 
plain, simple, and trustworthy information it gives on common matters too often neglected." — 
Gardeners' Chronicle. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; cr. How to make One 
Acre of Land produce £620 a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. By S. Wood. Fifth Edition. Crown 8vo, 15. sewed. 
"We are bound to recommend it as not only suited to the case of the amateur and gentleman's 
gardener, but to the market grov/er."— Gardeners' MagaMi$u. 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs,* Compute Guide. By S. Wood. With Illusts. Cr.Svo, 3s. 6d. cl. 
" This volume contains a good deal of sound, common sense instruction."— F/prir/L 
** Full of shrewd hints and useful instructions, based on a lifetime of experience."— %S<9i:mu»*. 

Beceipts for Gardeners. 

GARDEN RECEIPTS. By G. W. QuiN. i2mo, is. 6d, cloth. 

"A useful and handy book, containing a good deal of valuable information."— .t^McefurMm. 

Market Gardening. 

MARKET AND KITCHEN GARDENING, By Contributors 
to "The Garden." Compiled by C. W. Shaw, late Editor of "Gardening 
Illustrated." lamo, 3s. 6a. cloth boards. 
" The most valuable compendium of kitchen and market-garden work published."— Farmer. 

Cottage Gardening. 

COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables for 
Small Gardens. By E. Hobday. z2mo, is. 6d, cloth limp. 

Potato Culture. 

POTATOES : How to Grow and Show Them. A Practical Guide 
to the Cultivation and General Treatment ofj the Potato. By Jambs Pink. 
Second Edition. Crown 8vo, 21. cloth. 
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LAND AND ESTATE MANAGEMENT, LAW, etc. 



Hudson's Land Valt^&r's Pocket-Book. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a very mach Improved Plan, for Calcalatin|; the Value of Estates. With 
Tables for redacing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.£. New Edition. Royal 32mo, leather, 
elastic band, 4s, 

"This new edition inchidw Ubles for •scntalninflr the value of leases for any tenn of years ; 
and fsr showing how to lay out plots of Bfround of certain acres in fonns, square, round, dtc. with 
nduable rules for ascertaming the probable worth of standing timber to any amount ; and is of 
Inralnihble valua to the country gentleman and profiessianal man."— ifarm^rr yourtutL 

EwarVs lAind Improver's JPocket^Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULJE, 
TABLES and MEMORANDA required in any ComptOoHon relaUng to the 
Permanent Improvemtnt of Landed Proper^. By Johh Bwart, Land Surveyor 
and Agricultural Engineer. Second Edition, Revised. Royal samo, oblong, 
leather, gilt edges, with elastic band, 45. 
** A co mp endious and handy little Yclhim»,''S/eeiai0r, 

(knnplete Agricultural Surveyor's JPocket^Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to- 
gether. Leather, gilt edges, with strap, 7s. 6d. 

** Hudson's book is the best ready-reckoner on matters relating to the valuation of land and 
crops, and its combination with Mr. Ewart's work greatly enhances the value and usefulness of the 
latter-mentioned. ... It is most useful as a manual for reference."— iVIvrrA <ifEngri»fui Farmer, 

Auctioneer's Assistants 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
EST A TE A GENT AND VAL UER'S POCKET A SSISTA NT, tor the Valua- 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, &c. Bv John Wheeler, 
Valuer, &c. Fifth Edition, re-written and greatly extended by C. Norris, 
Surveyor, Valuer, &c. Royal 32mo, 55. cloth. 

" A neat and condse book of reference, containing an admirable and deariy-arranged list of 
prices for inventories, and a very practical guide to determine the value of furniture, ftc"—;Ste»d<arH(L 

" Contains a large quantity of varied and useful information as to the valuation for purchase, 
sale, or reaewal of leases, annuities and reversions, and of property generally, with prices for 
iBventories, and a guide to determine the value of interior fittings and ouier effects."— ^MiMv. 

Auctioneering, 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 
SguiBBS, Auctioneer. Second Edition, Revised and partly Re-written. Demy 
8vo, Z2S. 6d, cloth. 

"The position and duties of auctioneers treated compendiously and dearly."— AwiUlfr. 
"Every auctioneer ought to possess a copy of this excellent woric"—Ir»Hffu>ttgtr. 

" Of great value to the profession. . . . We readily welcome this book from the fiict that it 
tfeats the subject in a manner somewhat new to the profession."— £j/Si>/^ GaseUe. 

Leg€U Guide for JPatvnbrokers* 

THE PAWNBROKERS', FACTORS' AND MERCHANTS' 
GUIDE TO THE LAW OF LOANS AND PLEDGES, With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, 
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se- 
curities. By H. C. FoLKARD, Esq., Barrister-at-Law, Author of " The Law 
of Slander and Libel," &c. With Additions and Corrections. Fcap. 8vO| 
3s. 6d, cloth. 

** This work contains dmply everything that requires to be known concerning the department 
of the law of which it treats. We can safely commend the book as unique and very nearly perfect." 

" The task undertaken by Mr. FoDcard has been very satisCBCtorlhr performed. . . Sochez- 
donations as are needfiil have been supplied with great clearness and with due regard to brevity. ' 



LAND AND ESTATB MANAGEMENT, LAW, etc. 39 

Law of Patents* 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM. Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Hardingham, Assoc.Mem.Inst.C.E., &c. Demy 8vo, cloth, price 
25. 6d. 

Metropolitan Mating Appeals. 

REPORTS OF APPEALS HEARD BEFORE THE COURT 
OF GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885. 
By Edward Ryde and Arthur Lyon Rydb. Fourth Edition, brought down 
to the Present Date, with an Introduction to the Valuation (Metropolis) Act, 
z86q, and an Appendix by Walter C. Rydb, oi the Inner Temple, Barrister- 
at-Law. 8vo, ids. cloth. 



" A useful work, occupying a place mld-wajr between a handbook for a lawyer and a g:uide to 
the surveyor. It is compiled by a gentleman eminent in his profession as a land agent, whose spe* 
dalty, it is acknowledged, lies in the direction of assessing property for rating purposes."— £,aM4< 



Agents^ Record, 

" It is an indispensable work of reference for all engaged in assessment business."— 7«Mr»a/ 
^ Gets Lighting. 

Blouse Property. 

HANDBOOK OF HOUSE PROPERTY, A Popular and Practi- 
cal Guide to the Purchase, Mortgage, Tenancy, and Compulsory Sale oi 
Houses and Land, including.the Law of Dilapidations and Fixtures; with 
Examples of all kinds of Valuations, Useful Information on Building, and 
Suggestive Elucidations of Fine Art. By £. L. Tarbucx, Architect and 
Surveyor. Fourth Edition, Enlarged. z2mo, 5s. cloth. 
■* The advice is thoroughly practical."— Law journal. 

" For all who have dealmgs with house property, this is an indispensable gvAde."— Decoration. 
** Carefully brought up to date, and much unproved by the admtion of a division on fine art. 
" A well-written and tnoughtful woxli."-~Land Agenfs Record. 

InwoofVs Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, etc., and for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodies 
for Terms oi Years certain, and ior Lives [ also for Valuing Reversionary 
Estates, Deferred Annuities, Next Presentations, &c. ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. In wood. 23rd Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest oi Money, Discount, Annuities, &c., by M. Fbdor 
Thoman, oi the Soci^t^ Cr6dit Mobilier of Paris. Crown 8vo, 8s. cloth. 
"Those iaterested in the purchase and sale of estates, and in the adjustment <k compensation 

cases, as well as in transactions in annuities, life insurances, &Cn will find the present edition off 

eminent serricc,"— Engineering. 

" * Inwood's Tables ' still maintain a most enviable reputation. The new issue has been enriched 

by laqre additional coi^butions by M . Fedor Thoman, wliofie carefully arranged Tables cannot 

£ul to De of the utmost utility."— l/minf youmal. ._ .. 

Agricultural and Tenant^Bight Valtuition. 

THE AGRICULTURAL AND TENANT-RIGHT-VALUER'S 
ASSISTANT, A Practical Handbook on Measuring and Estimating the 
Contents, Weights and Values of Agricultural Produce and Timber, the 
Values of Estates and Agricultural Labour, Forms of Tenant-Right- Valua- 
tions, Scales ot Compensation under the Agricultural Holdings Act, 1883, 
&c. &c. By Tom Bright, Agricultural Surveyor. Crown 8vo, 3s. 6d. cloth. 
" Full of tables and examples in connection with the valuation of tenant-right, estates, labour, 

contents, and weights of timber, and farm produce of aU kinds." — Agricultural Gcueette. 

" An eminently practical handbook, full of practical tables and data of undoubted intorest and 

value to surveyors and auctioneers in prepving valuations of all kinds."— '^anfwr. 

Plantations and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A Practical 
Handbook on Estimating the Cost of Forming, Renovating, Improving and 
Grubbing Plantations and Underwoods, their Valuation for Purposes ot 
Transfer, Rental, Sale or Assessment. Bv Tom Bright, F.S.Sc, Author oi 
" The Agricultural and Tenant-Right-Valuer's Assistant," &c. Crown 8vo, 
3s. 6d. cloth. \Ji*st published, 

*' Will be found very useful to those who are actually engaged in managing yfwA."—Belte 

IVeekly Messenger, 

- To valuers, foresters and agents it will be a welcome aid."— North British Agriculturist, 
"Well calculated to asast the valuer in the discharge of his duties, and of undoubted intefest 

and use both to surveyors and auctioneers in preparing valuations of all kinds."— JKm/ Herald, 
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A Complete Epitotne of the Laws of this Country. 

EVERY MAN'S OWN LAWYER: A Handy-Booh of the 
Principles of Law and Equity. By A Barrister. Twenty-ninth Edition. 
Revised and Enlarged. Indading the Legislation of 1S91, and including 
careful digests of The Tithe Act^ 1891 ; the Mortmain aria Charitable Uses 
Act, 1891; the Charitable Trusts {Recovery) Act^ 1891 ; the Forged Transfers 
Actt 1891 ; the Custody of Children Act, xSoi; the Slander of Women Act, 
X891 ; the Public Health (London) Act, 1891 ; the Stamp Act, zSgi ; the 
Savings Bank Act, 1891 ; the Elementary' Education (** Free Education") Act, 
i8qx ; the County Councils (Elections) Act, 1891 ; and the Land Registry 
(Middlesex Deeds) Act, 1891 ; while other new Acts have been duly noted. 
Crown 8vo, 688 pp., price 6t. Bd. (saved at every consultation I ), strongly 
boond in doth. [7«st published, 

♦^•THE BOOK WILL BE FOUND TO COMPRISE (AMONGST 
OTHER MATTER)— 

The rights and Wrongs op individuals— Landlord and Tbnant— vendors 
AND purchasers— Partners and Agents— Companies and Associations— Masters, 

SERVANTS and WORKMEN— LEASES AND MORTGAGES— CHURCH AND CLERGY, RiTUAI. 
—LIBEL AND SLANDER— CONTRACTS AND AGREEMENTS -BONDS AND BILLS OF SALE— 
CHEQUES. BILLS AND NOTES -RAILWAY AND SHIPPING LAW— BANKRUPTCY AND IN- 
SURANCE—BORROWERS, LENDERS AND SURETIES— CRIMINAL LAW— PARLIAMENTARY 
ELECTIONS— COUNTY COUNCILS— MUNICIPAL CORPORATIONS— PARISH LAW, CHURCH- 
WARDENS. ETC.— PUBLIC HEALTH AND NUISANCES— FRIENDLY AND (BUILDING 

Societies— COPYRIGHT and Patents— Trade Marks and designs— Husband and 
Wife, Divorce, etc— Trustees and Executors— Intestacy, Law of— Guardian 
AND Ward, infants, etc— Game Laws and Sporting— Horses. Horse-dealing 

AND dogs— innkeepers, LiCENSINGk ETC.— FORMS OF WILLS, AGREEMENTS, ETC ETC. 

Note. — The object of this work is to enable those who consult it to help them- 
selves to the law; and thereby to dispense, as far as possible, with professional 
assistance and advice. There are many wrongs and grievances which persons sub- 
mit to from time to time through not knowing how or where to apply for redress ; and 
many persons have as great a dread of a lawyer*s office as of a lton*s den. With this 
book at hand it is believed tha{many a Six-and-Eightpbncb may be saved; many 
a wrong redressed ; many a nght reclaimed; many a law suit avoided ; and many 
an evil abated. The work has established itself as the standard leeal adviser of all 
classes^ and also made a reputation for itself as a useful book of reference for lawyers 
residing at a distance from law libraries, who are glad to have at hand a work em- 
bodying recent decisions and enactments, 

%* Opinions of thb Press. 

** It is a complete code of English Law, written in' plain language, which all can understand. 
. . . Should t>e in the hands ofereiy business man, and all who wish to abolish lawyers' bills."-.^ 
tyeeJkly Times. 

*' A useful and concise epitome of the law, compiled with considenble care."— ^«w Maga»ine. 

'A coioplete digest of the most useful facts which constitute En^ish law." — Glo^ 

" Admirably done, admitably arranged, and admirably cheap."— Z«r<£r Mercury. 

" A condse, cheap and complete epitome of the English law So plainly written that he who 
runs may read, and he who reads nu^ understand."— Fi(ifar0. 

" A dictionary of legal facts well put together. The book is a rery useful ooit.'— Spectator. 

"The latest edition of this popular book ought to be hi every business esublishment. and on 
every library xa\A»."—Sheffieid Post. 

Private BiU Legislation and Provisional Orders, 

HANDBOOK FOR THE USE OP SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
Bional OrderSt for the Aathorization of Railways^ Tramwavs, Works for the 
Supply of Gas and Water, and other nndertakings of a line character. By 
L. Livingston Macassby, of the Middle Temple, Barrister-at-Law, 
M.Inst.C.E. ; Author of " Hints on Water Supply." 8vO| 950 pp., 25s. cloth. 

** Th^ Tohune is a desideratum on a subject which can be only ac<iidred by practical expert* 
ence^ and the order of procedure in Private Bill Legislation and Provisional Orders is followed. 
The author's suggestions and notes will be found of great value to engmeen and others profesdon- 
ally engaged in this class of practice,''— BuildiHg^ News. 

" The author's double experience as an enghieer and barrister has eminently qualified him for 
the task, and enabled him to approach the subject alike from an engineering and legal point of 
riew. Tlie volume will be found a great help both to engineers and lawyers engaged in promoting 
Private Acts ot Parliament and Provisional Orders."— jLmo/ Gcuemmtnt CAron^e. 

OGDSN, SMALB and CO. UMITKD, PKIMTBRS, GREAT SAFFRON HILL, B.Cf 



RUDIMENTARY SCIENTIFIGjEDUCATIONAL, 
AND CLASSICAL. 

Campriiing uiarh Tkrrr Ht,ndnd and Fifty ditHncI mrla ■*•> almoit ntry 
dltarimtnl ii/Scitma,Art,''HdMdHcaii<m,rKoi<imtnded la IJu lutict o fSnpnmmn, 
Ar MUcb. BuiUtn. Atiuara. amd Studritlt generallji, oi mil ai ta llmmtSvJS 
in WorlHiitn', 1,'i^ru,, llltniry awJ Scienjific IntUtulian, CDlUgtt, Seheelt. 
Sctttur Clojiti^ 6fc., ^, 

__ "WEALE'SSERIESincludesTeit-Bookaonalmoat every branch o( 
Sdence and Indusby, comprising such subjects as Agriculnue, Archltectim 
uid Bnilding, Civil Engineering, Fine Arts, Mechanics and Mechuiical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing revision, and new editions, 
brought up to the latest discoveries in scientific research, are eoouantly 
imsd. TTie prices at which the; " ' ' ' 

■A merican LUerarv Gi 
rt the literature of tecl 

, . ligh reputation, and tb „ - 

DSCKWOOD & Son render the series more complete, and bring the informa- 
tion upon the saveial Eubjects down to the prsseni time." — Uinitig Joutnal. 
la not too much to say that no books have ever proved mora popular 
WHO. or more useful to, young engineers am] others than the excellent 
. DMdaes comprised in Wbalb's Sbribs," — Bngimer. 

"Tbe ezcBlleDoe of Wbai.s's Series is now so well appreciated, that it 
mnld be wasting our space to enlarge upon their general usefultMM and 
~)ltM."— Builder . 

" The volumes of Wbale's Sbries form one of the best collectiona of 
•lementaiT technical books in any language." — ArehiUel, 

" WEAtE'S SERIES bas become a standard as well u an unrivalled 
collection of treatises In all branches of art and science."— Poilie Opinio*, 



PHILADELPHIA, 1876. 
THE PRIZE MEDAL 

Wu ■mrdad to the Pabliitm* tor 

BMki : Attdimentarr, Seientifie, 

"WEALE'S 8EIIIES," ETO. 
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WEALE'8 BTTSnCBHTABT SOIEIVTIFIC SEBIES. 




*«* Tbe ▼elamM of this Series are freelv Illustrated with 
Woodcuts, or otherwise, where regnisite. Throughout the fol- 
lowing List it most be understood that the books are bound in 
limp cloth, unless otherwise stated; iut the volumes marked 
wtA a t •MU' aifo be had ttnmgly bound in cloth boards for 6dL 
extra, 

NM» — In arderinjg from this List it is recommended^ as a 
means of facilitaiin* business and obviating- error, to quote the 
numbers t^xed to the volumes, as well as the titles and prices. 



CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING, By John Geo. Swindell, 

A.RJ.B.A., and G. R. Bitksbll, C.E. Revised Edition. With a New 
Appe ndix on the Qualities of Water. Illustrated, as. 
35. THE BLASTme AND QUARRYING OF STONE, for 
Building and other Purposes. By Gren. Sir J. Burooynb, Bart. is. 6d. 

43. TUBULAR, AND OTHER IRON GIRDER BRIDGES,^^- 

ticularly describing the Britannia and Conway Tubular Bridges. By G. 
Drtsdalb Dbmfsby, C.E. Fourth Edition, ss. 

44. FOUNDATIONS AND CONCRETE WORKS, with Practical 

Remarks) on Footings, Sand, Concrete, B^ton, Pile-driving, Caissons, and 
Coffierdams, ftc. By £. Dobson. Seventh Edition, is. 6d. 
6a LAND AND ENGINEERING SURVEYING. By T. Baker, 
C.E. Fifteenth Edition, revised by Profiessor J. R. Yodno. 2s.$ 
8o». EMBANKING LANDS FROM THE SEA. With examples 
and Particulars of actual Embankments, &c. By J. Wiggins, F.G.S. ss. 
8i. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Greological Formations of England as in- 
fluencing Supplies of Water, 8cc. By S. Huohbs, C.E. New Edition. 4S.^ 

118. CIVIL ENGINEERIlfG IN NORTH AMERICA, a Sketch 
of. By David Stbvbmson, F.R.S.E., &c. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By Francis Campin, C.E. as. 6d.X 

197. ROADS AND STREETS. By H. Law, C.E., revised and 
enlarged by D. K. Clark, C.E., including pavements of Stone, Wood, 
Asphalte, &c. as. 6d.t 

103. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. By C. Slagg, A.M.I.CE. Revised Edition, is^ 

515. GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE- 

MENT', and the Manufacture and Distribution of Coal Gas. Originally 
writtm by Samuel Hughes, C.E. Re-written and enlarged by William 
Richards, CJB. Eighth Edition, with important additions. 5s. 6d.t 
S13. PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst C.E. 4s. 6d.t 

516. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. Second Edition, revised. z%,X 

S19. CIVIL ENGINEERING. By Henry Law, M.Inst. CE, 
Including Hydrauuc Enginbbrino by Geo. R. Burnbll, M.Inst. CJB. 
Seventh Edition, revised, with large additions by D. Ejnnbar Clark, 
M.Inst. C.E. 6s. 6d., Cloth boards, 7s. 6d. 

s685 THE DRAINAGE OF LANDS, TOWNS, dr* BUILDINGS. 
By G. D. Dbmpsey, C.E. Revised, with large Additions on Recent Practico 
in Drainage Engineering, by D. Kinnbar Clark, M.I.C.E. Second Edition, 
Corrected. 4s. 6d.t 

The X indicates that these vols* may be had strongly bound at 6d. extra. 
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MECHANICAL ENGINEERING, ETC. 

^. CRANES^ the Construction of, and other Machinery for Raising 
Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated. I8.6d. 

59. STEAM BOILERS: their Construction and Management. By 
R. Armstrono, C.£. Illastrated. is. 6d. 

82. THE POWER OF WATER, as appUed to drive Flour Mills, 

and to give motion to Turbines, &c. By Joseph Glynn, F.R.S. 28.^ 
98. PRACTICAL MECHANISM, £he Elements' of; and Machhie 
Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.£. as. fAA 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theoiy 

of, with Rules and Examples for Practical Men. By T. Baker, C.£. is. 6a, 

164. MODERN WORKSHOP PRACTICE, as appUed to Steam En- 

nnes, Bridees, Ship-building, &c. By J. G. Winton. New Edition. 3s. (A»% 

165. IRON AND HEAT, exhibiting the Principles concerned m the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour, as. 6d.l 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, as.| 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By J. Maxton. 7th Edn. With 7 Plates and 350 Cuts. 3s. 6d.^ 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. By J. Sewbll and D. K. Clark, C.£. 3s. 6d.t 
200. FUEL, its Combustion and Economy. By C. W. WILLIAMS. 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 

Wood, Peat, Petroleum, Sec— by D. K. Clark, M.I.C.E. 3s. 6d.t 
202. LOCOMOTIVE ENGINES. By G. D. Dkmpsey, C.E. ; with 

larae additions by D. Kjnnbar Clark, M.I.C.E. %%,% 
211. THE BOILERMAKER'S ASSISTANT in Drawing, Tern- 

plating, and Calculating Boiler and Tank Work. By John Courtney, 

Practical Boiler Maker. Edited by D. K. Clark, C.E. 100 Illustrations, as. 
217. SEWING MACHINERY: Its Construction, History, &c., with 

full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. as.t 
223. MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture ol 

the Steam Engine, 8cc. By Francis Campin, C.E. Second Edition, as. 6d.t 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron. By Francis Campzn,'C.E. 38.^ 

237. THE SMITHY AND FORGE; inchidmg tiie Farrier's Art and 

Coach Smithing. By W. J. E. Crane. Illustrated, as. 6d.t 

238. THE SHEETMETAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Dian-ams and 
Working Patterns. By W. J. E. Crane. Second Edition, revised, is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT : with Hints 
on Construction and Selection. By M. Powis Bale, M.I.M.E. as. 6d.t 

254. THE BOILERMAKER'S READY-RECKONER. By J. 

Courtney. Edited by D. K. Clark, C.E. 4s. 
%• Nos. 211 and 2$^ in One Vol., half -bound, entitled*^ The Boilermaker's Rbadt- 
Reckonbr and Assistant." By J. Courtney and D. K. Clark. 7s. 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Locomotive Engines. By Michael Rbynoli>s, M.S.S 
Eighth Edition. 3s. 6d., limp ; 4s. 6d. cloth boards. 

iS'b. STATIONARY ENGINE^DRIVING. A Practical Manual 

Engineers in charge of Stationary Engines. By Michael Reynolds, M.S.B. 
Fourth Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. 

260. IRON BRIDGES OF MODERATE SPAN: their Construc- 
tion and Erection. By Hamilton W. Pendred, C.E. as. 

The X indicates thai these vols, may be had strongly bound at 6d. extra. 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 
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MINING, METALLURGY, ETC. 

4. MINERALOGY^ Rudimeiits of; a concise View of the General 

Prapertiw of MiaeraU. By A. Ramsat, F.G.S., F JL.G^., ace. Thkd 

Bdition, refiaed and enlanwd. niastrated. jt. 6d.t 
117. SUBTBRRANBOUS SURVEYING, with and without the Mag- 

aalic N«6dl«. By T. FkMWiCK and T. Bakbr, CS. lUastxated. as. 6d. t 
135* ELECTRO-METALLURGY: Ftactically Treated. By Alkx- 

AMDm Watt. Ninth Edition, enlarged and xevised, with additional lUns- 

trations. and hidnding the most recent Processes. 3s. 6d.t 
17s, MINING TOOLS/htuaxal of. For the Use of Mine Managers, 

Agents, Students, flkc. By Woxiam Hoeoans. ss. 6d. 
17s*. MINING TOOLS^ ATLAS of Engravings to Qliistrate the above, 

oontafaung sMlllnstrations. drawn to Scale. 4to. 4s. 6d. 
176. METALLURGY OF IRON Containing History of Iron Manu- 

isctnre^ Methods cSAMaj, and AnidrMS of Iron Ores, Processes of Manu- 

&etnre of Iron and Steel, ftc. By H. Baubrmait, F.G.S. Sixth Edition, 

ratised and enlarged. 5s.t 

180. COAL AND COAL MINING. By the late Sir Waungton W. 
Shttb, MJL., F.R.S. Seventh Edition, revised. 3s. 6d4 ijnst ^lisked, 

195. 7 BE MINERAL SURVEYOR AND VALUER* S COM- 
PLETB GUIDE. By W. LnrTBur, M JE. Third Edition, including Ma^r- 
nedc and Affgw^*** Snrveving. With Font Plates. 3s. 6d.t 

SI4. SLATE AND SLATE QUARRYING, Scientific, Practical, and 
CoBunercial. ^ D. C. Davibs, F.G.S., Mining Engineer, fcc. 3S.I 

164. A FIRST BOOK OF MINING AND QUARRYING, with Ae 
Sciences connected therewith, for Primary Schools and Self Instruction. By 
J. H. CoLUMS, F.G.S. Second Edition, with additions, xs. 6d. ^ 



ARCHITECTURE, BUILDING, ETC- 

16. ARCHITBCTURE^ORDERS—The Orders and their ^Esthetic 

Principles. ByW. H.Lbbds. Illustrated. zs.6d. 

17. ARCHITECTURE-STYLES— rtist History and Description of 

the Styles of Ardiitecture of Various Countries, from the Earliest to the 
Pnsent Period. By T. Talbot Burt, F.R.I.B.A^ ftc. Illustrated, as. 
*«* Ordbes AMD STyi.BS ov AncHiTBCTUitB, in One Vol^ 31. 6d, 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible horn Nature and exemplified in tiie Worics of tiie 

Greek and Grothic Architects. BtE.L.Garbbtt, Architect. Illustrated. as.6d. 

V TIU ikru ^needinr Works, in One handsome Vol., half bound, entitUd 

** MoDBRN ARCHrrmcTURB," price 6s% 

SS. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building^ Strength and Use of Matenals, 
Woridng Drawings, Specifications, and Estimates. By E. Dobson, 2s.$ 

15. MASONRY AND STONECUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
•truction. By Edward Dobson, M.R.I.B.A., &c. ss. 6d.t 

41. COTTAGE BUILDING. By C. B&ucE Allen, Architect 
Eleventh Edition, rerised and enlarg^. With a Chapter on Economic Cottages 
for Allotments, by Edward E. Allen, C.£. ss. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, &c. By G. R. Burnbll, C.E Fourteenth Edition, is. 6d. 

57. WARMING AND VENTILATION. An Exposition of the 
General Principles as applied to Domestic and Public Buildings. Mines, 
Lighthouses, Ships, &c. By C. Tohlinson, F.R.S., &c. Illustrated. 3s. 

III. ARCHES, PIERS, BUTTRESSES, ^c: Experunental Essays 
on the Principles of Construction. By W. Bland. Illustrated, xs. 6d. 

The t indicates that these vols, may be had strongly\bound at 6d. extra. 
LONDON: CROSBY LOCKWOOD AND SON, 
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Architecture, Building, etc., continued: 

m6. the acoustics OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to Ae purposes of th^Azchitect and 
Builder. By T. Rogbr Smith, M-.K.I.B A., Architect. Illustrated. z«. 6d« 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 
By T. A. RicHARi>soN, Architect. Illustrated, is. 6d. 

ia«. VITRUVIUS—THE ARCHITECTURE OF MARCUS 
VITRUVIUS POLLO. In Ten Books. Translated from the Latin bv 
Joseph Gwilt, F.S«A., F.R Jl.S. With 23 Plates, ss. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Ftogxesa of the Art ^ 
Grreece. By the Earl of Aberdeen, is. 
%* The two preceding Works in One handsome Vol,, half bound, entitled "Anobnt 

132. THE ERECTION OF DWELLING-HOUSES. lUusfrated \n 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, wiu the Specification, Quantities, and Estimates) 8bc» By 
S. H. Brooks. New Edition, with Plates, as. 6d.t 

156. QUANTITIES <&• MEASUREMENTS m Bricklayers', Masons', 
Plasterers', Plumbers'tPainters', Paporhangers*, Gilders', Smiths', Caxpenters' 
and Joiners' Work. By A. C. Beaton, Surveyor. Ninth Edition, u. 6d. 

175. LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1892. A 
Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers, and Contractors. Re-constructed, Re-written, aaa 
further JBnlarfired. By Francis T. W. Miller, A.R.I.B.A. 700 pages. 
3s. 6d. ; cloth boards, 4s. \.Juet Published, 

182. CARPENTRY AND 70INER V—TwE Elementary Prin- 
ciples OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With a TREATISE ON JOINERY by E. 
Wtndham Tarn, M.A. Fifth Edition, Revised. 3s. 6d.f 

i82». CARPENTRY AND WINERY. ATLAS of 35 Plates to 

accompany the above. With Descriptive Letterpress. 4to. fis. 
185. THE COMPLETE MEASURER ; the Measurement of Boaid% 
Glass, &c. ; Unegual-sided, Square-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Timber, &c. By Richard HortoMt*, Fifili 
Edition, is. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. WightwiCk. 

New Edition. By G. H. Guillaume. Illustrated. 3s. 6d.$ 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementaiy Drawing for House-Punters, Sign* 
Writers, 8cc., and a Collection of Useful Receipts. By Elus A. Davidson. 
Sixth Edition. With Coloured Plates. 5s. cloto limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : Greneral Principles ; Arch Drawing, Cutting, and Setting : 
Pointing; Paving, Tiling, Materials; Slating and Plastering | PractiMl 
Geometo^, Mensuration, 8cc. By Adam Hammond. Seventh Emtion. zs. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage and Ventilation. Sixth 
Edition. With 380 Illustrations. By W. P. Bucban. 3s. 6d.$ 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By R. E. Grandy. ss. 

so6. A BOOK ON BUILDING, CvvU and EccleHastical, hidudine 
Church Restoration. With the Theoiy of Domes and the Great Pyraaii{ 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. 4s. 6d4 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Worits. Bj 
WyvillJ. Christy, Architect. With upwards of x6o Engravings on Wood. 3sJI 

2«8. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON. 
By E. Wyndham Tarn, M.A., Architect. Second Edition, revised, jm. 6d. 

The % indicates that these ifols. may be had strongly bound at 6d. extra. 

7, stationers' hall court, LUDOATE HILL, s.a 
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WXALl'S RUDIMENTARY SSRIES. 



A.Z€liltacture, Building, etc, eonHmad, 

SJ9. ELEMENTARY DECORATION: as applied to the Interior 
and Kxterior Decoration of DweUiag-HoiiMt, Ike. By J. W. Facbt. at. 

157. PRACTICAL HOUSE DECORATION. A Guide to the Art 

of Omamootal Painting. By Jambs W. Facsy. as. 6d. 
V Tk4 imo prtettUmr Workt, in One kandsonu Vol,, kalf-baund, enMUd"HovSB 
Dboobation, Elbmbiitaiit AMD Pkactical," prtcg 51. 
ty>, HANDRAILING. Showing New and Simple Methods for finding 
tiie Pitch of the Plank, Drawing the Moulds, Bevellinr, Tointing-vp, and 
Sqvaring the Wreath. By Gborgb CoxxnrGS. Second Edition, Revised, 
faicIndingA Trbatisb oir STAiRBUULDiifO. Plates and Diagrams. 2s.6d, 

147. BUILDING ESTATES : a Rudimentaiy Treatise on the Develop- 

ment, Sale, Pnrchase, and General Mana^[ement of Building Land. By 
FowLBR Maitland, Sorrevor. Second Edition, revised, ta* 

148. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst C.E. Third Edition, corrected. lUnstrated. as. 

S5S. BRICKWORK: a Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting, ftc By F* 

WALKia. Third Edition, Revised and Enlarged, is. 6d. 

13. THE PRACTICAL BRICK AND TILE BOOK. Comprising : 

119. BmxcK AifD TkLB Mak»o, by E. Dobsoii, A.I.C.E.; Practical Brxcxlat- 

•C|S. mo, by A. Hammond ; Buckcuttino and Sbttwo, by A. Hammcmid. 534 

lip. with STO ninstzationi. 6i. Strongly half-bound. 
W^.THE TIMBER MERCHANT'S, SAW-MILLER'S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
AUMON. With a Chapter on Speeds of Saw-Mill Machinery, 8cc. By 
M. Powis Balb, A.MJnst.C.E. 3s.t 

158. CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work (tf Single and Double Cnrvatnra. 

By GBOBQBCoLLntos. Second Edition, is. 6d. 
S59. GAS FITTING: A Practical Handbook treating of every 

Description of Gas Laying and Fitting. By John Blacr. With zss lUns- 

trations. ss. 6d.t 
S6l. SHORING AND ITS APPLICATION: A Handbook for the 

Use of Students. By Gbobob H. Btju»ovb. is. 6d. 
165. THE AR T OF PR A CTICAL BRICK CUTTING ^ SETTING. 

By Adam Hammond. With qo Engravings. Z3.6d. {Just published. 

167. THE SCIENCE OF BUILDING: An Elementary Treatise on 

Che Principles of Construction. Adapted to the Requiremmts of Architec- 
tural Students. By E. Wyndham Tarn. M.A. Lend. Third Edition, Revised 

and Enlarged. With 59 Wood Engravings. 3s. 6d.t 
171. VENTILATION: a Text-book to the Practice of the Art of 

Ventilating Buildings, with a Supplementary Chapter upon Air Testing. By 
FATON fiuCHAN. R.P., Sanit ----- - - 



WnxiAM FATON fiuCHAN, R.P., Sanitary and Ventilating Engineer, Author 
of « Plumbing," &c. 3S- 6d.t ^Jnsi publikked. 

SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NA VAL ARCHITECTURE. An Exposition of the Elementary 
Principles of the Science, and their Practical Application to Naval Construc- 
tion. By J. Pbakb. Fifth Edition, with Plates and Diagrams. 3s. 6d4 

S3*. SHIPS FOR OCEAN DRIVER SERVICE, Elementary and 
Practical Principles of the Construction of. By H. A. Sommbrfsldt. is. 6d. 

53«*. AN ATLAS OFENGRA VINGS to Illastrate the above. Twelve 
large folding plates. Royal 4to, doth. 7s. 6d. 
54. MASTING, MAST-MAKING, AND RIGGING CfF SHIPS, 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
ftc., relative to every class ^ vinsels. By Robbrt Kippino, N A. ss. 

**" T*^ t in4icaiee that these vols, may be had strongly bound at 6d. extra. 



LONDON: CROSBY LOCKWOOD AND SON9 



I 



weale's rudimentary series. 1 

Shipbuilding, Navigation, Marine JElngineerlng, etc., cant, 

54*. IRON SHIP'BUILDING. With Practical Examples and Details. 
By ToHH Grantham, C.E. Fifth Edition. 4s. 
55. THE SAILOR* S SEA BOOK: a Rudimentary Treatise on 
Navigation. By Jambs GrsbnwooDi B J^. With nnmeroos Woodcats and 
Coloured Plates. New and enlarged; edition. By W. H. Rossbr. as.6d.t 

80. MARINE ENGINES AND STEAM VESSELS. By Robert 

Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the 
Antiior and by Gborgb Caruslb, C.£. 4s. 6d. limp : 5s. cloth boards. 

«3ftM. THE FORMS OF SHIPS AND BOATS, By W. Bland. 

Eighth Edition, Revised, with numerous Illustrations and Models, xs. 6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 

and Practice. By Prof. J. R. Young. New Edition. 2s. 6d. 
to6. SHIPS' ANCHORS^ a Treatise on. By G. Coxssix, N J^. is. 6d. 
149. SAILS AND SAIL-MAKING. With Draughting, and the Centre 
of Effort of the Sails ; Weights and Sixes of Ropes : Masting, Rigging, 
and Sails of Steam Vessels, Sec. 12th Edition. By R. Kuppino, N JL, ss. 6d4 
155. ENGINEER'S GUIDE TO THE ROYAL &- MERCANTJLB 
NAVIES. By a Practical Enoinbbr. Revised by D. F. M'Cartbt. 3s. 
55 PRACTICAL NAVIGATION. Consisting of The Sailor's 
£ Sea-Book. By Jambs Grbbnwood and W. H. Rossbr. Toother witii 
^f^ the requisite Mauematical and Nautical Tables for the Working of the 
*"*• Problems. By H. Law, C.E., and Prof. J. R. Young. 7s. Salf •bound. 

AGRICULTURE, GARDENING, ETC. 

6i». A COMPLETE READY RECKONER FOR THE ADMEA^ 
SUREMENT OF LAND, &c. By A. Arman. Third Edition, revised 
and extended by C. Norris, Surveyor, Valuer, 8tc. 2S. 

131. MILLER'S, CORN MERCHANTS, AND FARMER^S 
READY RECKONER. Second Edition, with a Price List of Modem 
Flour-Mill Machinery, by W. S. Hutton, C.E. as. 

140. SOILS, MANURES, AND CROPS. (Vol. i. OUTLINKS OF 

Modbrn Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING &- FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outunbs op Modbrn Farming.) By R. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (VoL 3. 

Outunbs of Modbrn Farming.) By R. Scorr Burn. Woodcuts, ss. 6a. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outunbs of Modbrn Farming.) as. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outunbs of Modbrm 
Farming.) By R. Scott Burn. Woodcuts, as. od. 
*«* Not. X40-1-2-5-6, tn One Vol.^handsomely half-bound, eniiiUd " Outunbs OV 
Modbrn Farmino." JBy Robbrt Scott Burn. Pnlce X2t. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Gbo. Glbnny. 187 Woodcuts, ^s. 6d4 

198. SHEEP; THE HISTOR Y, STR UCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, &c. Fifth Edition, 
enlarged, including Specimens ot New and Improved Breeds. 3s. 6d.t 

SOI. KITCHEN GARDENING MADE EASY. By Georqb M. F. 

Glbnny. Illustrated, xs. 6d.t 
907. OUTLINES OF FARM MANAGEMENT, and ths OrffmU 

zafiom of Farm Lahour, By R* Scott Burn. as. 6d4 
S08. OUTLINES OF LANDED ESTATES MANAGEMENT 
By R. Scott Burn. as. 6d. 
%* Not. ao7 6« 208 in One Vol., Jkandtomefy half -bound, entitled " Ourums Of 
Landbd Estatbs and Farm Manaobmbnt." fiy R. Scott Burn. PHlee 6t. 

TAe t indicates that these vols, may be had strongly bound at 6d. extra. 
1, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 



8 wkalb's rudiukntary sbriks. 

Agrionlturey Gardenings etc., continugd, 

t09. 7HB TREE PLANTER AND PLANT PROPAGATOR. 
A Pncticml Maniul on the Propagation of Forest Trees, Fruit Treei^ 
Fkmerinr Shmbs, Flowering Plants, ftc. By Samubl Wood. m. 

tia THE TREE PRUNER. A Practical Manual on the Panning of 
Pmit Trees, indoding also Uieir Training and Renovatio n ; a lso the Plraniac 
of Shmbs, Climhers, and Flowering Plants. By Samubl wood. is. 6d. 

%• Nm, we9 ^ *to m Om4 VoL, ka$ubotiuly kal/-b(mmd,0miitled **Twm Trbb 
PtAiiTBm, PaoPAOATOK, AMD Prdmbr." By Samusl wood. Price 3«. 6d. 

Sl8. THE HA Y AND STRA W MEASURER : Being New Tables 
for tibe Use of Auctioneers, Valuers, Fanners, Hay and Straw Dealers, fcc 
9y Jomt Stbblb. Fifth Edition, ss. 

ass. SUBURBAN PARMING, The Laymg-ont and Cultivation of 
Fanu^ adapted to the Produce of Milk, Butter, and Cheese, Eggs. Ponltiya 
and Pigs. By Pro£ John Donaldson and R. Scorr Burn. 3s. 6a4 

•31. THE ART OF GRAFTING AND BUDDING. By Chaeus 
Baltbt. With Illustrations, ss. 6d.t 

SJS. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetobles 
for Small Gardens. By E. Hobday, is. 6d. 

S33. GARDEN RECEIPTS. Edited by Charles W. Qunf. i8.6d. 
134. MARKET AND KITCHEN GARDENING. By C. W. Shaw, 

late Editor of "Gardening Illustrated." js.^ 

S39. DRAINING AND EMBANKING. A Practical T^«atise, em- 
bodying the most recent experience in tiie Application of Improved Methods. 
By J OHM Scott, late Professor of Agriculture and Rural JBconomy at iim 
Royal Agricultural College, Cirencester. With 68 Illustrations, is* 6d. 

140. IRRIGATION AND WATER SUPPLY. A Treatise on Water 

Meadows, Sewage Irrigation, and Warping; the Construction of Well^ 
Ponds, and Reservoirs, ftc. By Prof. John Scott. With 34 lUus. is. 6d. 

141* FARM ROADS, FENCES, AND GATES. A Practical 
Treatise on the Roads, Tramways, and Waterways of the Farm; tiia 
Principles of Encrlosures ; and the different kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

141. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and ConstrnctioD* 
with Plans and Estimates. By Prof. John Scott. With 105 Illns. ss. 

143* BARN IMPLEMENTS AND MACHINES. A Fhwtical 
Treatise on the Application of Power to the Operations of Agriculture j and 
on various Machines used in the Threshing-barn, in the Stock<7ard, and m the 
Dairy, ftc. By Pkof. J. Scott. With 123 Illustrations, ss. 

544. FIELD IMPLEMENTS AND MACHINES. A Practical 

Treatise on tiie Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Itefessor Jobm 
Scott, with 138 Illustrations, ss. 

545. AGRICULTURAL SURVEYING. A Practical T^atise oa 

Land Surveying, Levelling, and Setting-out ; and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, ftc. 
By Prof. John Scott, with 62 Illustrations, xs. 6d. 

%* No9, aj9 to S45 in Ofu Vol.^ handsonulv kalf-bound. entitled "Thb Comflrb 
Tbxt-Sook ov Fakm Enginbbring." By Professor John Scott. Price las. 

950. MEAT PRODUCTION. A Manual for Producers, Distriibntofs, 
ftc. By John Ewart. ss. 6d.t 

266. BOOK-KEEPING FOR FARMERS 6f ESTATE OWNERS. 
By T. M. Woodman, Chartered Accountant, as. 6d. cloth limp ; 3s. 6d. 
clotn hoards. 

Tke t indicates that these vols, may be had strongly bound aitd. extra. 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 
Constmction, A4)U8tmeiit, Testine, and Use concisely Explained. By J. F. 
Hbathbr, M.A. Fourteenth Edition, revised, witn additions, by A/T. 
Wauiislby, M.I.C.E., Fellow of the Surveyors' institution. Original Edi- 
tion, in z vol., ninstrated. 2s.t 

%* In ordering the aSove, be careful to say^ " Original Edition * {No, 3s), to diUtm- 
guish it from the Enlarged Edition in 3 volt, {Not, z68-9-70.) . 

76. DESCRIPTIVE GEOMETRY, an Elementaiy Treatise on; 
with a Theoryof Shadows and of Perspective, extracted from the French of 
G. MoNOB. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Hbathbr, M.A. Wiui 14 Plates, as. 

178. PRACTICAL PLANE GEOMETRY: giving the Simpleaft 
Modes of Constructing Fieiires contained in one Plane and Greometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. With 215 Woodcuts, is. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and Grerman. By Jambs Haodoii» 
M J^., Arithmetic^ Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. 9y 
Professor J. R. Youno. Eleventh Edition, zs. 6d. 
I4*. A Kbt to the above^ontaining Solutions in full to the Exercises, toflwttes 
with Comments, Explanations, and Improved Processes, for the Use] of 
Teachers and Unassisted Learners. By J. K. Yodno. zs. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interttt, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatiy facilitated. By W. Hipslbt. ss. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra, as.. 
86*. A Kby and Companion to the above Book, forming an extensive repositocy of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Youno. zs. 6d. 

88^ EUCLID, The Elements of : with many additional Propositioiis 
8q. and E^lanatory Notes : to which is prefixed, an Introductory Essay 
Logic. By Hbnry Law, C.E. ss. 6d.t 

*»* Sold also separately^ tnz* ,*-- 

88. Euclid, The First Three Books. By Hbnry LawJI^.E. zs. 6d. 

89. EuczjD, Books 4, 5, 6, zz, is. By Hbnry Law, C.jS. zs. 6d. 

9a ANALYTIC/LL GEOMETRY AND CONIC SECTIONS^ 
By Jambs Hann. A New Edition, by Professor J. R. Young, ss.t 

91. PLANE TRIGONOMETRY, the Elements of. By JAIIES 

Hann, formerly Mathematical Master of King's College, London, zs. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By Jambs 

Hann. Revised by Charlbs H. Dowuno, C.E. zs. 
%* Or with " The Elements 0/ Plane Trigonometry," in One Volume^ 2S, fld. 

9$. MENSURATION AND MEASURING. With the Mensuratton 
and Levelling of Land for the Purposes of Modem Engineering. By T. 
Bakbr, C.E. New Edition by E. Nugbnt, C.E. Illustrated, zs. 6d. 

lOi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
WooLHOusB, F.R J^.S., 8cc. zs. 6d. 

102. INTEGRAL CALCULUS, Rudimentaiy Treatise on the. By 
HoMBRSHAM Cox, B.A. Illustrated, zs. 

§36. ARITHMETIC, Rudimentaiy, for the Use of Schools and Self- 
Instruction. By Jambs Haddon, MA. Revised by A. Arman. zs. od. 
137. A ELby to Haddon's Rudimbntary ARmiicBTic. By A. Arman. zs. 6d. 



The % indicates that these vols, may be had strongly bound at 6d, extra. 
7y stationers' HALL COURT, LUDGATE HILL, E.G. 



lo wkalk's rudimentary series. 

liathematlcSi Arithmetic, eitjo^ eantmtud. 

iGi. DRAWING AND MEASURING INSTRUMENTS. Includ. 
iag>— I. Instraments emplmred in Geometrical and Medianical Dra^nins, 
and in ttie Construction, Copying, and Measorement of Maps and Flans. 
II. Instruments used for the pnrposes of Accnrate Measurement, and for 
Arithmetical Computations. By J. F. Hbathik, M.A. ninstrated. is. 6d. 

169. OPTICAL INSTRUMENTS. Including (more e«pecia]ly) Tde- 
■copes. Microscopes, and Aimaiatus for prodncinff copies otMaps and Plans 
hy niotography. By Y. P* Hbatbbr, M.A. Illnstrated. is. od. 

17a SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Inclndin^r~~I* Instruments Used for Determining the Geometrical Featuret 

ofaporttonof Gfoond. II. Instruments Employed in Astronomical OhMrva- 

tions. By J. F. Hbathbh, VLJl. Dlnstrated. xs. 6d. 

%* TkB €tbov€ ikrM voimmet form an emiargtmeni ofiht Auikof't otigmal work 

" MuihotmaHeal /nstrutmettts." (See N0.x% m the Seriet,) 

^.^MATHEMATICAL INSTRlfMENTS. By J. F. HEATHER, 

169. r MA. Enlarged Edition, for the most part entirely re-wntten. The 3 Pacts as 

170. J above, in One thick Volume. "With numerous Dlnstrations. 4s. 6d.$ 

158. THE SUDE RULE, AND HOW TO USE IT; containing 
foil, easy, and simple Instructions to perform all Business Calculations win 
nnezampled rapidity and accuracr. By Charlbs Hoarb, CJB. Sixth 
Edition. With a Sbde Rule in tuck of cover, as. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, 8cc. By Ff dor Thokar. Fourth Edition. iM.X 

199. THE COMPENDIOUS CALCULATOR; or, Easy and Concise 
Methods of Performing the various Arithmetical Operations reouized in 
Commercial and Business Transactions ; tc^ether with Useful Tables. By 
D. O'GoRMAM. Twenty-seventh Edition, carefnllv revised by C. Morris. 
as. 6d^ cloth limp : 3s. 6d., stron^y half-bound in leather. 
MA THEM A TiCAL TABLES, for Trieonometiical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on JjogatanSaoBOM, 
By Hbnry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Young. New Edition. 4s. 
t04*. LOGARITHMS. With Mathematical Tables for Trigonometrical, 
AstronomicaLandNantical Calculations. ByHxNRTLAw,M.Inst.CJS. New 
and Revised Edition. (Forming part of the aliove Work) . ts. 

Sll. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONSt and an Analysis of the Christian, Hebrew, and Mahometan Calen- 
dars. By W. S. B. WoOLHOUSB, F JEt A.S^ F.S.S. Seventh Edition, 2S.6d.| 

tS7. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVB ARTS, Illustrating the various processes of Mathematical Investi- 
ition, by means of Arithmetical and Simple Algebraical Equations and 
ical Exaonples. By Francis Campin, C.E. Second Edition. i%.X 



cation, 
mcti< 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

I. CHEMISTRY. By Brofessor Geo&qb Fownes, F.R.S. With 
an Appe ndix on the Application of Chemistry to Agriculture, is. 

s. NATURAL PHILOSOPHY, Introduction to the Study of. By 
C. ToMUNSON. Woodcuts, xs. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Charles Tom- 

LiNSON. Illustrated, xs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and tiie purposes to which it has been applied. By Sir W. Snow 
Harxus, F Jt..S., &c. With Additions by R. Sabinb, C.B., F.S A. xs. 6d. 

7». GALVANISM. By Sir W. Snow Harris. New Edition by 

RoBBRT Sabinb, C.E., F.SJL. xs. 6d. 

8. MAGNETISM; being a concise Exposition of the Creneral Prin- 

ciples of Magnetical Science. By Sir W. Snow Harxus. New Edition, 
revised by H. Ai. Noad, Ph.D. With 165 Woodcuts. 38. 6d.t 

The X indicates thai these vols, may be had strongly bound cU dd. extra, 
LONDON: CROSBY LOCKWOOD AND SON, 



WBALE'S RUDIMENTARY SXRIBS. II 

Physical Science, Natural Philosophy, etc., conHmud, 

II. THE ELECTRIC TELEGRAPH; its History and Progress; 
with Descriptions of some of the Apparatus. By R. Sabinb, C.B., F.S A. 3s. 

II. PNEUMATICS^ including Acoustics and the Phenomena of Wind 
Currents, for the Use of Beginners By Charles Tohunson, FJLS. 
Fourth Edition, enlarged. Illu8trat6d. xs. 6d. 

72. MANUAL OF THE MOLLUSCA; a Treatise on Recent and 
Fossil Shells. By. Dr. S. P. Woodward, 'A.L.S. Fourth Edition. With 
Plates and 300 Woodcuts. 7s. 6d., cloth. 

96. ASTRONOMY. By the late Rev. RoBE&T Main, M.A. Third 

Edition, by William Thtnnb Lynn, B.A., F.R JL.S. as. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Bakrr, C.E. Fourth Edition, is. 6d. 

173. PHYSICAL GEOLOGY, partty based on Major-General PORT- 

lock's " Rudiments of Geology." By Ral^ Tatb, A.L.S., &c. Woodcuts, as. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

PoRTL0CK's"Rndunents." By Ralph Tats, A.L.S.,&c. Woodcuts. ss.6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

ft Historical. Partiy based on Major-General Portlock's '* Rudiments of 

174. Geology." By Ralph Tatb, AX.S., F.G.S., Sec. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lasdner, D.C.L., 
it formerly Profisssor of Natural Fhilosof^y and Astronomy in University 
m^M CoUege, Lond. With 520 Illustrations. In One Vol. 7s. 6a., cloth boards. 
■^ %• Sold also in Two Parts, as follows .-^ 

183. AmMAL Physics. By Dr. Lardnbr. Part I., Chapters I.— VII. 48. 
184* AmMAL Physics. By Dr. Lardnbr. Part H., Chapters VIII.— XVIII. 3s. 

269. LIGHT: an Introduction to the Science of Optics, for the Use of 
Students of Architecture, Engineering, and other Applied Sciences. By £. 
WYifDHAM Tarn, M»A.. is. 6d. {Just published. 



FINE ARTS. 

10. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By Gborgb Pynb. as. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS, From the Goman of Dr. Gbssbrt and Emanubl Otto From- 
BBRO. With an Appendix on Thb Art of Enambluno. 28. 6d. 

69. MUSIC, A Rudimentaiy and Practical TVeatise on. With 
numerous Examples. By Charlbs Child Sfbncbr. as. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises 8c Lessons from the Best Masters. By Charlbs Child Sfbncbr. is.6d. 

^^\. MUSIC is^ THE PIANOFORTE. In one vol. Half bound, 58. 
181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil. Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Mtniatnreu 
Painting on Ivory, Vellum. Pottery, Enamel, Glass, ftc. With Historical 
Sketches of the Progress ot the Art by Thomas John Gdllick, assisted 
John Timbs, F.S.A. Sixth Edition, revised and enlarged. 5s.$ 

186. A GRAMMAR OF COLOURING, appUed to Decorative 
Painting and the Arts. By Gborgb Fibld. New Edition, enlanrad and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, &c. 3s.^ 

S46. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, 8cc. With Notes on the Cop]^sts 
and Imitators of each Master. By Philippb Daryl. as. 6d.t 

(^r 77u X indicates that these vols, may be had stnmi^fy bound ai 6d. extra. 
7, STATIONERS' HALL COURT, LUDGATB HILL, E.C. 



19 WXAUI'S RUDIMXNTARY SIRIKS. 

INDUSTRIAL AND USEFUL ARTS. 

a3. BRICKS AND TILES, Rudimentaiy Treatise on the Mannfiio- 

tnre of. By S. Dobson. MJELI.BJL Illiuteatod,3t4 
6;. CLOCKS, WATCHES, AND BELLS, a Rudimentary Xteatite 

OB. By Sir Sdmumd Bbcbttt, LL J>^ Q.C. Sevenih Edition, zemed and tmr. 

larawL 4s. 6d. limp : u. 6d« doth boards. 
83««. CONSTRUCTIONOF DOOR LOCKS. CompUed fiom tiie 

Paseri of A. C. Hobbs. and Edited by Chaklbs Tomumson, F.iLS. si. 6d. 
I6t. THE BRASS FOUNDER'S MANUAL; Instmctiaos tx 

Modelling, Pattani-Making: Moulding, Turning, Kling, Bomidiiaff, 

Bronsing, ftc With copious Kecdpts. ftc By Waltbk GkIbam. is4 



105. THE ART OF LETTER PAINTING MADE EASY. Bv 
J.O. Badbmocb. nivstratedwitihiafiill'page Engravings of EaaamloB. iB.6d>. 
SIC. THE GOLDSMITHS HANDBOOK, contauiiiif lull Instnio. 



tioBs for tbo Alloying and Working of Gold. By Gbobqb B. Gbb, vlX 
SS5. THE SILVERSMITHS HANDBOOK, containing fnU In- 

•tmctioBa lor die AUoying and Woildng of Silver. By GBoaoaf . On. jb4 
%• Tk« iwo frwctdingr WMkt, in Otu lumdMonu Vo*„ kalf-bound, emiiiUd **TU 

Goldsmith's & Silvbrsioth's Complbtb Handbook,** nt, 
S49. THE HALL-MARKING OF JEWELLERY PRACTICALLY 

CONSIDBRBD. By Gbokob B. Gbb. ts.! 
224. COACH BUILDING, A Practical Treatise, Historical and 

Des cijuU fe. By J. W. Bubobss. ss. 6d.t 
235. PRACTICAL ORGAN BUILDING. By W. £. DlCKSDii, 

IfJL, Precentor of Ely Catbedral. Illustrated. «s.6d.X 

262. THE ART OF BOOT AND SHOEMAKING. By John 

Bbdbobd Lbmo. Numerous Illustrations. Third Edition, ask 

263. MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures, with Fotmnteb 
Tables, Receipts, Ac By Charlbs Huntbr. Third Edition, js.! 

270. WOOD ENGRAVING: A Practical and Easy Introduction to 

the Study of the Art. By W. N. Browv. is. 6d. 

MISCELLANEOUS VOLUMES. 

t6. A DICTIONARY OF TERMS used in ARCHITECTURE^ 
BUILDING, BNGINSBRING, MINING^MBTALLURGY, ARCHM- 
OLOGY, ike FINB ARTS, £rv. By Tohm Wbalb. Sixth Edition. RevisvA 
by Robbrt Hunt, F.R.S. Illnstratea. _5s. limp ; 6s. clotii boards. 
•- SO. THE LA W OF CONTRACTS FOR WORKS AND SEE- 
VICBS, By David Gibbons. Third Edition, enlarged. ts4: 
112. MANUAL OF DOMESTIC MEDICINE. By R. GOODIXO^ 
B A., M.D. A Family Guide in all Cases of Accident and Emergen^ sb. 
I12«. MANAGEMENT OF HEALTH. A Manual ot Home and 
Ptesonal Hygiene. By tiie Rev. Jambs Baibd, BA^ is. 
15a LOGIC, Pore and Applied. By S. H. EiCMKirs. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDBRSTANDING. Witii Notes by S. H. EiinaufS. «. 

154. GENERAL HINTS TO EMIGRANTS. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By ROBBIX 
Jambs Mann, F.RA.S., F.M.S. Second Edition. Map. ss. 

193. HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W. Ejtollts, F.R.G.S. With zetWoodcuts. 3s.t 

194. THE HOUSE MANAGER: Being a Gnide to Hoosekeedbig. 

Practical Cookery, Pickling and Preserving, Household Wofk, Daiiy 
Management, 8cc. By An Old Housbkbbpbr. 3s. 6d.t 

194* HOUSE BOOK {Thd). Comprising :— I. The House Maxaobk. 

112 & By an Old Housbkbbpbr. II. Dombstic Mbdionb. By R* GoodiivlMJ>. 

1 12«. in. Managbmbnt of Hbaltb. By J. Baird. In One vol., haU-boimdy 6b. 

The X indteaies ikai ikeu volt, mt^ be had tirmgrfy bo$Mdai6d,Mxitm. 
LONDON: CROSBY LOCKWOOD AND SON. 
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EDUCATIONAL AND CLASSICAL SEBIES. 



HISTORY. 

I. England, Outlines of the History of; more specially with 

■eference to the Oripn and Proeress of tiae English Constitution. By 
Wnx|AM Douglas Hamilton, F.S.A., of Her Msy'esty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 68. 

5. Greece, Outlines of the History ofs in connection with the 

Rise of the Arts and Civilisation in Europe. By W. Douglas HAmLTOir. 
of University College, London, and Edward Lbvibn, M«A., of Balliol 
College, Oxford, as. 6d. ; cloth boards, 3s. 6d. 

7* Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, as. 6d. ; d. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. ; clotli boards, 3s. 6d. 

SO* Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. zt. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

II. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Htdb 
Clarkb, D.C.L. Fifth Edition, zs. 6d. 

II. Dictionary of the English Language, as Spoken and 

Written. Containing above xoo,ooo Words. By Hydb Clarkb. D.CL. 
3s. 6d. ; cloth boards, 48. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Jusmi Brbnam. 
z8th Edition. zs.6d. 

49. Derivative Si)elling-Book s Giving the Origin of Every Word 

from the Grreek, Latin, Saxon, German, Teutonic, Dutch, French, Sj^ish, 
and other Languages ; with their present Acceptation and Proniindation* 
By J. RowBOTHAM, F.R Jl.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Pn>£Bssor at the 
Sorbonne. Translated from the French. 8th Edition, carefully corrected. 2s.6d« 

54* Analytical Chemistry, Qualitative and Quantitative, a Course 
oL To which is prefixed, a BrietTreatise upon Modem Chemical NomencU- 
twe and Notation. By Wm. W. Pmx aqd Gborob E. Wbbstbr. ss. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Ho&oiaiy Canon of Ely ; 

formerly H.M. Injector of Schools. 
iNTRonucTORY Prxmxr, yl. 



FtRn Standard . .06 
Sbcond „ . • o zo 

Third . z o 



s. d. 

Fourth Standard . • . z s 
FVTB ' „ .... I 6 

SOCTH „ • . • .16 

Lbssons prom thb Biblb. Part I. Old Testament, zs. 

Lbssons vrom thb Biblb. Part II. New Testament, to which is added 
Thb Gbooraphy oy thb Biblb, for very youne Children. By Rev. C. 
Thornton Forstbr. zs. ad. %* Or theTwoParts in One Volume, n. 

7, STATIONSRS* HALL COURT, LUD6ATE HILL, B.C. 
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FRENCH. 

J4. French Grammar. With Complete and Concise Roles on the 
Geoden oC French Nouns. By 6. L. Stbauss, Fh.D. it. 6d. 

1$. French-English Dictionary. Comprising a large number of 

New Termc vaed in Snguieering, Mimoff, ftc By Alfrsd Elwbs. xt. 6d. 

16. English-French Dictionary. By Ai>xsd Elwks. ss. 
t5»a6. French Dlctlonarv (as above). Complete, in One VoL, 31. ;• 

cloth boards, jt. 6d. %* Or with the pBAinfAR, cloth boards, 4s. 6d. 

47* French and English Phrase Book ; containing Intro- 
ductory Lessons, witii Translations, sevoral Vocabularies of Worw, a C<d- 
laction of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 
39. German Grammar. Adapted for English Students, from 

Heyse's Theoretieal and Practical uranunar, by Dr. G. L. Strauss, is. 6d. 
4a German Reader s A Series of Extracts, carefully culled from the 
most appr oved Ai^iors of Gennany ; with Notes, Philological and Ex- 
planatoiy. By G. L. SntAuss, Fh.D. is. 

41-43. German Triglot Dictionary. By N. £. S. A. Hamilton. 

In Three Parts. Part I. Gennan-French-Enslish. Part II. English-Qer-, 
man-French. Part III. French-German-BngiiBh. 3s., or cloth boards, 4s. " 

AI.43 German Triglot Dictionary (as above), together with Grennan 

il 39. Grammar (No. 3 9), in One Volume, cloth boards, s s. 

ITALIAN. 
tj, Italian Grammar^ arranged in Twenty Lessons» with a Course 

of Exercises. By Alfrbd Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and Fiench Nouns are carefully noted down. By Alfrbd Elwbs. 
Vol. X. Italian-English-French, ss. 6d. 

30. ItaUan Triglot Dictionary. By A. Elwes. VoL «. 

English-French-ltalian. as. 6d. 

31. Italian Triglot Dictionary. By Alfeed Elwes. VoL 3. 

French-Italian-English. as. 6d. 

«8^o, ItaUan Triglot Dictionary (as above). In One VoL, 7«. 6d. 

3S. Cloth boards. ^ 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Coarse of Ezerciaes. By Alfbbd Elwbs. is. 6d. 

35. SpanUh-EngUsh and EngUsh-Spanlsb Dictionary. 




5^. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exerciies. By Alfrbd Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 
tionary. Including a large number of Technical Terms used in Mining, 
Engineering, ftc, with the proper Accents and the Gender of every Nom, 
By Alfred Elwbs. Second Emtion, Revised, ss. ; cloth boards, 6s. %• Or 
with the Gramma r, cloth boards, 7s. 

HEBREW. 
46*. Hebrew Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Brbsslau. 68. 

46. English and Hebrew^ Dictionary. By Dr. Bresslau. js. 

44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 

46: the Grammar, cloth boards, xss. 

LONDON: CROSBY LOCK WOOD AND SON, 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementaiy 

Principles of Translation and Construction. By the Rev. Thomas Goodwin. 
M.A., Mead Master of the Greenwich Proprietary School, is. 6d. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

22. English- Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, MJL. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 33. 6d. 
doth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical AuthoiSj 

with Grenealogical Vocabularies and Explanatory Notes, by H. Younq. is. 6ds 

2. Csesaris Commentaiii deBello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young, as. 

3* Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilil Maronis Bucolica et Greorgica. With Notes on the Bnco* 

lies by W. RusBTON, M.A., and on the Greorgics by H. Young, is. 6d. 

5. Virgilii Maronis Mn&s, With Notes, Critical and Explanatory, 

b;y fi. Young. New Edition, revised and improved With copious Addi* 
tional Notes by Rev. T. H. L. Lbary, D.C.L., formerly Scholar of Brasenote 
College, Oxford. 3s. 

5* Part I. Books i.— vi., is. 6d. 

5** Part 2. Books viL— xii., as. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace ; Satires, Epistles, and ArsFoetica. Notes by W. B&owN- 

RiOG Smith, M.A., F.R.G.S. is. 6d. ' 

8. Sallustii Ciispi Catalina et Bellum Tugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B A., Trin. Coll., Cam. is. 6d. 

9. Terentii Aadria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 

11. Terentii Eimuchus, Comcedia. Notes, by Rev. J. Davibs, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, £iq>lanatoxy and Critical, by the Rev 
Jambs Davibs, M Jl. is. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Eaq;>lanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith 
M.A., F.R.G.S. 2s. 

16. Livy ; History of Rome. Notes by H. Young and W. B. Smith, 

MA. Part i. Books i., ii., is. 6d. 

i6*. — Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6cl. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertins, 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge, at. 

20. Latin Prose Selections, from Yarro, Columella, Vitruvius, 

Seneca, Quintilian, Fionas, Velleius Paterculos, Valerius Maximus Sueto- 
nins, Apiueiiu, &c. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satirss. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A-, Lecturer on Logic at King's College, London, ss. 

7, stationers' HALL COURT, LUDGATB HILL, E.C 
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GrRElEUva 
wM AMMik^ Grammar, in accoidance with the Principles and PWlo- 

Clauds Hamiltok. m. 6d. . «„ , . ^^ i tt ^ ..tei* 

mm wm n>rMik. Lexicon. Containing all the Words in General Use, wWi 

nSiLToSr Vol. X. G«ek.E^i«h^ M. 6d. ; Vol. 2. EngliA-Gwbk. at. Or 
tlMiTwoVoli.mOne,4».6d.: cloth boards. 5J. a»AMMAR in 

I4,K. Greek Lexicon (as above). Complete, with the Grammar, m 

17. One Vol., cloth boaidt, 6«. . ^ ,. 1. 

^^' ^{•^•k^lS^rit^ihl^SS.t om^ Ten Thou«nd. 

^Tr^rw^:ri.t:?.SgVs:TeSirBA.nM.Bm 

c-il. Homer* The Worja 01. ^\*"* ^ -^^^ fr^m the best and latest 

Part ». Book* »";*ojP^' "-JJi p,rt j. Book* «iU. to xvuL, i». 6i 

Hymns, ss. ^^_s * j 

£&^&t<;5Lby *• f •!• JfSi^J'S^^; Tot of GAisFoiD. 




ss. 



Critical "dEt^atory, by the Re^. JOH^^s™ ^ ^^ ^^^ ^^ j^^^^ 

*5- ^JS;[i^'^tSi?M ^dtxplan^S^/by W. Bkowk^oo S«th, 

MA., F.R.G.S. is^ rWeflv from the Text of DiNDORF. With 

*>• ^»5^ffii"'^ts.irr,J^oSrSitic.i»diupi«»to.,, 

by the Rev. JA«» ^*»"? "^ Thebes • The Seven aeainst Thebes. 

31. ^'^^p^l^'^^'m^^ b4m. Note., <S5^ "d E«- 
From the Text of Dnnio«^^.jj^ ^ 

« ^i^dlSts1'^S^<^' Se^iS-o^i^ W». Note, by H 
1" iro>^sP«1gyrlc on Agesllaus. Note, -id Intro 
«•• tSti^bylx. '• ^--erSatioi^n the Cro^ and the,PWliPpi« 

SSJf^gr oll^re. 0»fo»J- "-M- ; — — 

ii;iS7I^^i^^^^"^^i^^«' 7. STATIONEKS' HALl. COtHtT. K.C 
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